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SECRETART OF THE SMITHSONTAN INSTITl'TION 




The Annual Heport of the Hoard of RegenU of the ImtUntion for the 
year ending June 50 , 1907, 



iSMirneoxTAx Tjflmrtrntiir, 
l\'Q»hmgton,^Apr}l'2Ji:^ 1908. 

To the Con grees of the United Slatee t 
In accnrdanw >vith section 55J>S of the ReviBed Statutes of the 
United States, T have the honor, in behalf of the Board of Regents, 
to snbrnit to Congress the Annnal Report of the operations, expendi¬ 
tures. and condition of the Stnithsonian Institution for the vear 
ending June 30, IHOT, 

I have the honor to he, very respectfully, your o(>edient servant, 


CtiAS. D. Walcoti', 

Secretary. 








AKXIUL llEl’ORT OF THE SHITHSONIAS INSTITUTION 
FOR THE TEAR ENDING JUNE 3D, 1907. 
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1. Proceedings of the Beard of Regents for tlic sessions of iJeccm- 
ber 4,1006, and January 23 and Marcli 0^ 1907. 

2. Report of (die executive (Huiimittee, exhibiting the finimrigi 
affairs of the lofstitntion, including a statement of Uie Smithson 
fund, and roceipts and expenditures for the year ending June 30, 
1907. 

3. Annual report of the Sccretiiry, giving an account of the opera- 
tions and condition of the Instilution for the year ending June 30, 
1907, unth staUstics of exchanges, etc. 

4. General appendix, eoraprifung a seletdion of miscellaneous mem- 
oifs of interest to collaboratont and correspondents of the Institution, 
teachers, and others engaged in the promotion of knowledge. These 
memoirs relate chiefiy to the calendar year 1007. 
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utes, Tide LXXIII, section 5580), “Jlie business of the Institution 
shall be conducted at the city of Washington by a Boprd of Regents, 
named the RegentH of the Smithsonian Institution, to be composed of 
the Vice-President, the Chief Justice of the United States, three mem- 
bets of the Senate, and three iiieinbere of the House of Representa¬ 
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four shall be inhabitants of some State, but no tw o of the same State,” 
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Thft of tbD UaltCiJ 
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niOCEEDINCS OF THE BOARD OF REGENTS FOR THE YEAR 
ENDING -IIJNE 30, WOT. 


At a meeting Keld March 12, liWB, the Btmrd of Hegents udopted 
the following rcsoluLion: 

R^^filv€d, TMi« In Jiiltlltfrtii to tbe pTc#?rHiPil beUI on Uic fonrtli 

in JanmtrjTr rcguUir tnt^etlngs of tlie Iioiinl fiiitill bo boJii on tlio 
Tuomlny tbo first Motutuy Us DOcomiior and oq iho fitb lUy of iltirtrli, nn- 
li?«a Oust duto tolls on Siitidnyf whm thy following ^ondny sluili Ijo mslMtl- 
tnUHl. 

In accordaiiL'o with lliLs resolution, the Board met nt 10 oVlouk a. tu. 
on Det'ejiilx-r 4, iiiid on Jainisr}" 23 and Jlnrcb G, iWT. 

BEOUXAia MZETiHa OF BECEKBFB. 4^ 1900. 

Praseot; Mr. Chief Justice FiiUer (Chimcellor) in the chair; the 
VicC’Pr'esicIciitt the lloni Char lets AVi Fairhiinkri, Senator S» 51. Cul- 
lorn. Senator Henry Cabot Lodge, Senator A. O. Bneon, Bepresenta’ 
live John DalKelL* Representative James E. ilann, BepKi.-wntativB 
5V, il- Unwanh Dr. Andrew D. White, the Hon. John B. Henderson, 
Dr. A. Graham Bell, the lion. Riehard Olney, the Hon. Gecfrgc Gray, 
iiJid tlie Acting Secretary, Mr, Richard llathbiiii. 

Di;.V]TI or HEPBEflBJtT.VTn'E BOBEirr AUAJia, .ta. 

The Cbaticellor announced the dcatli ihi June I, 1000,, at Wash* 
ingiuti, 1>. C., of Representative Roliert Adams, jr., a Regent of the 
Institution, and ilie following resolution, offered by Doctor Bell, was 
adopted by a rising votei 

Tlw ItonrJ of Jlceenta of the sailtbeoDlaD lastltattein Mvo leameil wim p«v 
famiU nifrvt of llie deotli ou Jane I, mCjU, of tbo How. !£<*«!« AdJinw, Jr^ for 
ten yciirtt a aieiubcr of the Board, and Jirri! plac* apoa record nu itspreatilon of 
tlictr deep >ti*rr<>w at Ids lossi and iif appreciation of Ida lainieKl iiiteroirt lu the 
welfare of the taatllatloD anil of bin labors on Its belmlf botb at tbe meetlui^s 
of tlie Ibuirit ntid la tliu fionae of Itvprcsi'utntlTes, 

licguivcd, TJnit a copy of thin lulauto be siwud npoo the teconU of tbp Bcianl 
aut] tu itEi> tomlly of jljJaimL 
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HEATH OP tlEPRESEKTATIVE H. R. HTFr. 

Tlift Clinnc^rllor armour iced the death at Narragaiuselt Pierj R. 
on September '2Q. IDOO, of Representative Robert R. Hitt^^a Regonl of 
the Institution, find the following resolutiottf submitted by Senator 
rullonu was adopted by a rising vote ! 

Tlie BoarU Of Hc^a^ts Of tbo SmlttieanJAn laatflatfon Imve leamecl with pro¬ 
found mTJOw of the pnssln^ awii^ on Seiiterolier of the iloUi Habert 

Hitt, for HLLrteeu ^itiirs n [legeiil of tbla liyallotlckti, nnd tilivcm 1901 ii 
ii 4 €'itiher of xhit exequlli'o efiuiinlttee; and thvy here jiUioo upon record nn eipn]»- 
rifini nf their serifte of ]o^ Ln ihu ileQilK4.> of their dLsdloiUJlshed ccp1]b}a^e. 

ilr. tritt fop n ^K^rlod of mnre thaw fortS^ yea re iterved his 45011 wtr:j' tu various 
ilSplonwitSe olIkeK, In the [V|hartni4>nt of Ktate nod la ttia halls of Uir Ntiilaiml 
l>i‘j;Salnture, wta^m, Untdes ftirtheHtiK: all ifuo^l loemmuTfi^ ho wan fi^rtloalarif 
dlid:lusiil43bed becaiine of Ills ivltM- ncthm nn clinlrtiiaii of the Comnjjitee 00 
Fi^rehcn iUTalrs, ui^aii all hln effism to promote tlic welfare of Ids CowiUry and 
the ipcfiee of the world. HEs hrondl^ cultlwitcd mind was espccSnlly adciptoil tn 
luLHim on Ipctmir of thin liifitltotloap nod nt all times na a. ReprrriOTitwnvi!^ & oioni- 
ber of the Board, and a memher of the eiwiitlve conimitteef he served Its Iw- 
lerL'Sts wltli all Lilly, fidelity^ nod conseleDtloiifmo^, 

To the memhere of the Bonrd he wns a dear friend and a wIb^ conn^llort 
and hla nfHiouec fEtini our midst In n mmree fif irrhT 11 ni] n serious ha^ 

The Ecttnl tender to Mra ElUt and to the fauilfcy ati e:xpreflstoQ of their hIii- 
cere condoloueoi with the aHwiratiee tlmt ihe meuior^' of her dlnUa^ot^Ltl 
husf>aiii$ win ever ehorlftlieil by hln eolJenicneB. 

TImt a tiepy of this nJwuto Iw spread ii|joii the records of the Board 
iitid eomii[.iiiUcttteU to MHt. 

APttllNTilKJiT HE REUtLSTi:!, 

Tlio Cliiincsollor aniiutmm] the mappniiitnieot of Dr^ Andrew D. 
White aa a Regent by joint i^?i;oUition of Congresa npproved April 2^, 
IflOGj mid of the foUnwing uppointiriant» by the Sfjeiiker on the part, 
of the House of Repre.setitativp?i: Oo June 12, IWfi* the lItJiL John 
Dalzell in place of Representative Robert Adaii:tSf ]r^, deceased; und 
oil December 3. lUOO, the Hon^ iTnmea R. Mann in place of Represen¬ 
tative Robert R+ Hitt, doccasied, 

Ei.^4-riON i}V aecR^AKV. 

TJie Board went into executive sesaion^ at wkich Prof* Henry 
Fdirfielti Osborn, of Xew York, wns elected Secretary uf the Tnstitii- 
tbm. The Chancellor wiii» i^eqiie^ed to notify Profe^ssor O^bom of 
this actioib 

AKKJJAL MEETING OF JANUARY 23, 1907, 

Pi'esent: Hr* Chief Justice Fuller (Cbutjcellfjr), in the chair: tlie 
Vice-Presidctitt tlie flon. Charles W. Fuirhunks, Senator S. Cul- 
lotu^ Sentitor llenrj' Cabot TiOcige, Senator A- O, Bacon ^ Rc|>ri,wiitH- 
tive John Dakell^ Representative James U, l^fmin, RepresentativTi 
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Williiim 51. Hownrd. Dr. Jnmcs B. AngeU. tliP Uod. John B, Heii- 
ilor^n^ Dr, Alexander firnhani Bell, the Hon. George Gray, and the 
Acting Secretary, Mr Richanl Kathbiin. 

Tlie Chaiicellor stated that he had informed Prof. Henry F, 
f^Loni of Ills imaninious election at the December meeting aa Set” 
retavy of the Inst i tilt ion, and had received a reply to the effect that 
though fully appreciating ilje honor tendered, he had found himiself 
unable to accept for reawna set forth at large. 

REAri’OI STSrESf T OF RBOKST. 

The Chancellor announced the reappointment of Judge George 
Gray as a Hcgent for six years, by joint resolution of Congress ap- 
proved by the Pn»ident on January SI, lOOT. 

l[Klk>li^jnON HEXiATTI'E TO tSIX^He AND EX^ilNDmrHRa 

5Ir. Ilcndei'son. chairman of the executi™ c-oiumhtec, snbniiUcti 
the following resolution, which was adoptetl: 

JteMrrcct. -mt Uie taeoiuo cf llic InfrtItaUou for tbu Qwnl grwir ending Jane 
ao, IDOSv lie iippropriiUcfl ftir tbe serFlcc of tJie inaUtutEon, to Im, luciicialeil by 
the Seerelnry wtlli Uie ndvlce of the ^accutlve cmniDlltef. wllli full dlscrottoti 
on the iiort of tbe SocrelnCF ub tu Iteiua. 

ANXtfAj, liEPOHT OF TiJE ACTING SBHiaETARY. 

Tlie Acting Secretary stibmitttd hh report upon the operation.^ 
of the Institution for tlie year ending June 30, 1906, which was 
acceptetl. 

ASNCAI, WCPOHT or THK rSECl 'm'K COllMITTre. 

Mr. HendetHon, chairman, presented the report of the cxei'titive 
committee for the year ending June 30. 1006. ami explained briefly 
the method of audking the accounts of the Institution and of the 
Government branches under ;b charge. On motion die report was 
adopted. 

AssuAi. BEiviET or Titn pebmanest coMsuniiE. 

Mr. Henderson, chairman, prraented die following report of the 
[>crDiaiieTit fitnimiittce! 

Bodffkifiit eAfflfe.—In addition to the fund of $300,000 donated to 
the Inslitiilion by tlie late Tliomas George Hodgkins in 1891, dm 
residual estate, embracing $3,000 in cash, certain M’est Shore Kail- 
nmd imnds of the value of approximately $13,000. and the sum of 
$3,773.38 invested in United States 4 per cent bonds of 1907, together 
with two small properties in EliJuibcth, K, J., later sold by authority 
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of (lio Board of Ttcgents for $600 iinil $1,000 respectiveij. wag Iw- 
qiieolhed to tlte Ifiatitutioii tinder the will of Mr. Hodgkiiis. The 
\Vesl Shore Kiiilmiifl bonds imd the $8,000 in cash were tratismitted 
into the enstodv of the Institution upon the death of the testator, but 
the Uuite«l States -i per cent bonds were left by eonsent of counsel to 
be held by the Xew York Life and Trust Company until a decision 
wiitd l»e idriiiined in the ease of Smith p. ODoiioghno, in u'hirh the 
liahility of the estate of Mr. Hodgkins on a warranty of title Ity him in 
the transfer of ccriain real preperty in N"ew York City in 1872 was in 
quest ion. The case was detidecl by the supreme court of Xew York 
in the Institution's favor, which decision w'lis recently confimiefl by 
the court of apiwals of that Stute. The iKmds, of a\f>miaar value 
of §7, two, were received and duly registered in the name of the Iiisii- 
tution on May 28, IflfHj. Ttie eoinmilt(<e is prepared to rcronimend 
that the Ixvnds be sold and the proceeds deposited in tlio Treasury. 

An iip[wal lias l>een taken fnim the decision stis* 
taining the Iwquest of Sfr. Andrews for the establiJinient of the 
Andrews Institute for Girls, now organized at M'illnughby, Ohio, 
In case of the invalidity of this provi.sii>ii, the wim involved would 
accrue to the Smitloinniim Institution, The ease was argued on 
behalf of the Andrews Institute, the heirs, and the Smithsonian In- 
atjtntiiin liefore the ap|iellntc division of the supreme court of Xew 
lock City, in May, lOOlJ, and a decision is now Iwing awaited. 
Whnlever conclnsinn mtiy U reached by the «Jurt it is quite prolisldc 
(since the disposition of more thnu u million and a half [IoIIuts is 
involvetl) that the case will be Inken to the court of ap[X'ols at Alhany, 

A L'eri/ With the eicoplion of the premises conveyed by the 

Instltiilion to tbe niece of the late Roliert Stanton Avcj y’ in recog¬ 
nition of her sen-icca during his illness, the Institution U stil! in 
possession of the renl estate be{]ueathed by Mr. Averj', consisting of 
four prorierties on Capitol HiJl, having a‘present estimated value of 
alaiiit Owing to the erection of office buildings for tbe 

.Senate and Houfie of Represcntaiives and the location of the new 
Union Station in the rieighljorhood of these properties, it is under- 
stood that their market value has consideriibly inen-ttsed. Three of 
the four lots contain small buildings from which » net anniiai revenue 
of about $;i00 is derived. In addition to the real estate, certain 
stocks, bonds, and cash, estimated at the time of the death of Mr 
Avery at $34)1.187, are being held |,y the Xntional Safe Doiiosii' 
Savings imd Trust Company of tliis dty, the income to l« paid to the 
nie.'e of (he testator during her lifotiims and the principal to Iwcome 
the property of the Institution upon her ilcmire. 

Spmitite aixf Reift ftc^iffstn.—Under the terms of the Sprague and 
Rei(l liequests, the residua] legacies will not arenie to the Sinithsonjiin 
Institution until the death of certain enumerated legatees, aaid it is 
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probnble tliet tUe InsLiiutioii will not flerivp any nt-tuat from 

tiipiw' i?Sstiites for «5ome years to eom& 

Tlie diairman then submitted the following resolution^ wluch-waa 
adopted: 

Rcitotved, Tlint tUo SMtetarr 1 m>+ adG lie ie liereby, iinthortB?d* Id hli dlsori*^ 
tion, to wll before to [nruient for redetuptlon nnd colS^'t wfiefi 

doOi Qie United 4 iht e^t tHioda^ of tbo nominEl value of ^JJSSO, derived 

fmtn thv ef«tate of Ibe Lute TJitmiHa G. nni! he eni[iowered nnd 

directetl to dep^talt ihi* jjtoeifeflrt iberofroiti In tlie Treamiry of the UhltiHl 
Stnti.^ to be hidil iiniJer the tumm iif MM-tlon iViOl of the Hev|iiietl Am 

mi addnioD to aud u fnirt of tlJO i>crmamEUt fund of the loaiitutiDiL 

TEIK FREER A ITT rol JiKITTln 

Witlj reference m the action of the B^anL at lUeir anmial meet¬ 
ing Ilf January 24j 11©G, in accepting the tender of n Cliarle-s lu 
Freer tc^ make jirt^sent conveyance to the Institution of the title to 
bb art collection, and to bequeath to th^ Institution the sum nf 
$!jO0,O00, for the const ruction <i{ a buildiiag in which to house it^ 
tinder the terms of his offer dated Deceml^er 15^ 1D05, the Acting 
Secretiiry stated that on May 5, lfK>G, a docunient oiiibracing these 
provisions was formally CMCuted by Ifr. Freer and delivei'cd into 
the custody nf the Instibition. 

ELECTIOif TO TfTE EXECtrTT\T TOMMITTm, 

The vacancy on the executive committee caused by the death of 
Representative Roliert R+ Hitt was filled by the election of Repre¬ 
sentative John DalzelL 


ANO TOKENS t>r TFTF. LATE 'lErRETAHV UANGLEY. 

The following resolutions having reference to the donation by 
the heirs of Mr. Tjmglcj% tinrmiinced at the meeting of May IG, 1906^ 
W'ere adopted; 

Tliftt the tiinaka of thfn Board of liegentx of the Smltbsoulaii lu- 
atltntloTi be tendered to I'mf+ Jolin IjanKley* NJrsu Auuic W. CSocca^ Mrs, 
JuUu II. Gnmirleltf aud Mr* TienKint SUickiHile for t^ft of tlic 

niodals, scloatJille tokens, and early BclentLfle apiairatiiB of ivfiiauel Plorooat 
Secretary' of Lbo laaUtntlon from 1SS7 to 10001. 

Tli4it the Ibiaol exxiroseea Its deiT> apprecbitlan at securlnsr for 
tOe Institution of tliErt nwiiiorlAl of Ita Inte dlatlufiTiI^cd Secretary. 

WNATION OF lMEPrDOFTER:\ BY MR. WTLLlAM SCilADS. 

The Acting Secretary nimoiinced tlie presenintjon to the National 
Miiseuni, during the previous yeai'j by Mi\ IViUinni Stdmns, of New 
York^ of his exceptionally vain able collection; i^f F^pidoptera from 
tropical North and South America, tiumbering over 75,000 specmiens 
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and cjontaining many types and rar^ species? ’iThureupon the follow¬ 
ing r<^stiUiiion was adopted: 

Tliflt tlie thiiiik^ ot the Bnard ot RegoatB Ik* t^ndi^red t\* Mr, 
WnHiiiii Siclonia for bis K^ft to tlm KeiHonak Masvtini of bffl extoiiJilvD 

aiuJ ValUnUlo coUivlTon of Lelddoptorn, wblcb 1 b grttlcfufcls^ ac^*ipn?a. 


FOHTB-^IT OF OR- KU.KJTT COUliS. 


lilt foliowine letter fmm Ellen S. Mivasey, rtadre^ed to the 
Chenecllnr, w-hh read: 

Jasuaby H, lOOT- 

Mr. 1 baye the h<»nor lo Inform yon tlittt Mtw, Mnry Eintly 

Bntw widow of Pr. ElUott Coups, ilM In Fotirsinry la Ft, and tiy will 

left TO tbo JfittiUbaoulBfi riiHtUTitloli a CJortrab of ibe late Dr. Elliott Gonen. 

iiDti '■ultHi a iKiiiior nrcelvnl hy him. liivIlLat: Mm to lA^tiEUm as- Uae jjiioat 

of j^lfditlflic inon, Blicn^fd by Danulii^ HuSloy* ibi? Jotter to lie frnmetl and 
buns undor Doctor Coiies'o portna It.” 

ThUi wVlJ lins hoen dtiJy^diultli^l to iirothiite. mid the AiDerlcnn t^cnirhy 
fttid Tmirt Ciiiij|Hatiy and qiij'ptttf+ inimeil as pjtiHrUtow tliorelti, hnvu aao^ldiMl In 
aneh i-atwdty. 

VS> imdorstiiiiiJ tUuL the ponpiiSt la now In tbc tHJsi«e?wloci tif tbe s^mitlisoiilan 
[nBlll Qtlofi ; the olbor ijaper r^iforrMl to M In otir tHMwtoflliiti, and wi^ should 
l>o itlwiflcd lo Imre ll bnpperly fffinj€?<l m Umt f^ch aide of die tmijcr cam be 
Hivtifc to be buutt na atlpulfllod In the will, provtdtjil the Iloirontit will accept the 


gifi iiB mimed. 

Awaiting the favor of yonr repbv I nm. 
Very nsspeetfulty. 


(SIgUDlI) 


ELLzrt ^ .yftJBirigr, 

Co. Et. wm w, t:. fn. Center. 


After an examiiiatioft of Uie portraiL which had Wn doptsfsited at 
the Tnstitulimi for some years* the fnllowitig mitdutioii was adopted: 

t?OJio/t'crL Tluit the popniii of EUlc^tt ConcF, hequcarbf^l by Mnry Emily 
r(iiti?a t'oues, bt^ narefiteil Hi lioet^rdoiKTp with the terms of the will as 
raprpswl In tbe Jotter of El leu Muesey to the Chuucelinri. iinsler ilaie of 
Janiuiry S. lOOTr 


state >teXT BY THE ACTtK« SECfiE'rAEY. 

The Aetmi: Secretary reportccl that the actual erection of the new 
building fur the Netiutiiil Muaeiiiii, except interior linUh, had reached 
priiMiciilly ojiu-half tlie full height, although the south pavilion, 
'irhieli included the eiUrantJc rotunda, was still at the basement stoge 
t»f construction. In addition, tliere whs on the ground around the 
building all nf the dressed granite for the third or attic story and ail 
the materials, including special while face bricks and cut gratiite for 
the entire eompleliun of the walls nf the two courts. There were 
also on hand large quantities of the plainer matenals. Ail of the 


PROCEEDINGS? OF THE BOAMJ OF liEOENTC. 


xvu 


dressed finite required fnr ih^ esterior walls of the building, con- 
sistia^ only of Um second story and the exterior wjtlb of the mm 
pavilion, wua under contract and lis maniifiicture under way at the 
quarries. All of the ^rteelwork required for the buildin|^ 

was als<> under eoniradj and all except that for die nxjf was ready 
for ereelioin Should the halantje f^f the granite be furnislied in 
actsirdano? with the contracts, it was fair to expect that the entire 
htiilding would be conipleted and ready for o<y?iipancy by January 1, 

The Acting Seem ary antioiiurad the final liqiiidatinn« since the last 
meeting of the Benird, of the indebmltiess of the Institution to the 
centra] Ijondon bureau of the Intcniatioiial Catalogue of SScientifie 
Liteniliiret resiilting from die defalcation of W. W. Kair. 

He also stated iluit the initial steps taken toward the luiildmg up of 
a Xationul rfidleiy of Art liad ronttiun«l to attract widespread atten¬ 
tion and to receive favorable comment The lecture hall in the 
Miiseiini building had been temptinirily adapted to tUis pur|>ose^ and 
its walls were already fairly well covered with pictures, including, 
besides those owmed by ilie Gnveriiinent, n number of choice paintings 
obtaineil by loan- Art {jbjecta other than paintings, selecu^l froni the 
collections of the Museum, occupied tlie fbair space, and it was ex¬ 
pected, as soon m the installation was perfectedt that the hall would 
present a veiy creditable appearance* 

Keferenc^J was tuade to the increasing demand for the Annual Be- 
port of the rnsliiution and the eJfort to prevent the duplication result¬ 
ing from sending the Smitlisoiuau edition to public depths!torlos which 
were also mipplied by the Suirerintendent of Docutnenis, Of the 
replies received to the prc»eot lime, some IM) pt^r coot were of the 
nature of earnest apiieals that the laslitntion continue to send its 
edition, accompanied fay many gralifying remarks as to the esteem in 
which the report is held, and the great demantl for it among readera* 

ELECTION or A SECaETAftV. 

The Board then went into exeetttive se^ion, and Dr* Charles Doo¬ 
little Walcott, of Wasliington, was unanimously elected Seerelary of 
the Institution, to fill the vacancy caused by the death qf Dr. S. P* 
Langley. 

BEGULAS meeting op MAMCK 0. 1907. 

Present: Mr. Chief Justice Fuller {Cluincellor) in the chair: Sen¬ 
ator S- M. Culloni, *Senotor Henry Cabot IjOfIgc, Senator A* O* llncon* 
the Hon. John B. Henderson, Dr. X. Graham Bell, nod the Secretary, 
Mr. Charles D. Walcott* 


4i7^q_og- 2 
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nEArJ*OlNTME>'T OF RKOE^m 

The Cbnncellor announced ihnt tho Vice-President had reappoinled 
Senators Cnlloni anti Bacon as Eegcnts, dating from March 4. 

ANOnnWd WIU* DECiBIOK, 

Mr. Henderson, chairman of the pemanent committee, read a letter 
from Mr. F. W- Hackett, counsel for the Institution, giving a state¬ 
ment of the adverse dticlaion in regard to the Institution’s suit in the 
Audrews will case by the appellate division of the supreme court of 
Kew York. 

CTiAOE OF JSELL ± CO. 

Senator Bacpn. acting; with the e:^eciitive committee on this clain^, 
submitted a letter mid import on this subject^ and after discusidoii the 
following; resolution was adoptefll 

TUai Oio Scmtnry authorlKnI ta iududo la the cnthiuitea for tUe 
fivokl j't'tir UJNOS-lH fi>r Lbe of Amerlrfttl l^Oiuology aa Item to cover tbe 

Claim of Bell & Oo-r iK^ttlni; fonli tlie facts. 

ACKi" OW't#KPtJ 51TNTS. 

The Secretary read a letter from Mr^ K. R- Hitt^ acknowledging 
the reeolntions adopted by the Board on the death of her husband; 
aka u letter from Pmf. John W. I^ngley, aekno^yledgifig tlie action 
of the Board in connection with the gift of the medak and gcientific 
tokens and apparatus of his brother, the lato Secreimr S. P, Langley, 

aAnn of dond^^ 

The Secretary said tliat^ hi accordance with the resiolution of the 
Board at the meeting of Januaiy 23, 1007, the Government lionds to 
tiie par value of being the residuary Hodgkins legacy^ were 

sold on February 5, IMI, to Lewis Johnson & Co*, bankers, for 
and thk aiuount deposited to tlie credit of tlie permanent 
Smithsonian fund in the United States Treasury* The bonds nni- 
tured July L IDOT; selling price, 100}* 

uiirT or rii>’TiXi; hy 5^h. jonx HE.xmmsuN. 

The Secretaiy announced the gift to tlie Imwitittion by Mr. Hen¬ 
derson of a large painting of the Yellowstone Canyon* 

Senator Cnlloni, after reniarfos by Regents, Bubmitted the follow¬ 
ing resolution* which was adopted: 

lersflU'ctfp That the Bcmnl of of ttie SmltlisDalqa taatltaifim herehy 

lenJfr their uppm^latlve thnak# le the lion. John B. Htmilervaii* nai' o-r Lhuir 
aumla^r. ftir his pulille-fliilrltt^l i;enerasrtty In Ein^ieatiTia n lAhinhle of 

the Yellow’atoHu Oinyou (ft the InirtUitllou for Its Natlimi] (it»hurj nf Arl. 
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AUTHOBITT roll THE f^f^W^TAMY TO I>DO»fF|! CTHECXS, ITTC, 

Tbe Secr€!tftr 3 ' saiiil ihftt the Comptroller of the Tteosiiry hud in for- 
tiiiiJly called the nUentioii of the uccountant of the Institution to the 
fiici that there Wfis no specific nulhority of the Board of Regents on 
file in the Trea. 5 Firy Department empowering the Secret ary of Live 
Smithsonian In^Htitutioii to receipt for moneyand to indm-sc war- 
nints and checks in tlie naiiie of thti Institution for moneys due. lie 
would suggest. Lherefore* tbe following form of resolution, which if 
adopted, would be iicceptahle to the Comptroller: 

Th&t tlie of the fimlthfloalfta IuBtltotloa be* and Tie is 

hereby, miUiurlKed tu rrecSTe and i:lve rewljit for at] luonejs due and pay able 
to tills Instttutiirti freru any Bculfce whataoGTer*. nad to ladorse wiirrfttita and 
clieehH la its mime and on Ub behiilf. 

The Secretaiy Hinted thnt for the past si:rty years this had been 
done, hilt the present Comptroller lit looking over the business' moili- 
tills of his office noticed the lack of Huch specific anthorityj and asked 
tliiit it l>e fiirivitdied. 

On iiiotion^ the resolution was adopterL 

X€X:OV^T^ Ttl HE AtmiTEn eE:j(iA?CNt?ALLT- 

The Socretai^^ sinid that at the meeting of the Board of Regents 
held February 1B67, the following resolution waii adopted: 

That the Eaeciulve Poiniulttc?e mahe n ounnerly ciamlnatlao nt thi? 
ami areaoDta of Ehi> lufitLiutLoa, uod. as a Him I, an aiiDoal reiiort to the 
IhHinl of XtcgcutHL 

TLis liad liwn followed somewlrnt irre^ltirly; at times there 
would be an imdil four timew u year, and again twujc a year. At 
presetit there was a trained niidittir anployed to e.'tamine the ac- 
eoiiTita^ and his reiM>rt for the lust six mouths of the year 1900 had 
been received. It was the practice tu the Carnegie Institutiou to have 
but one audit ii year, and in nnjsl of the large dnancinl organizations 
two hud Iml'ch found suiheieut. 

Sir. Itendei-son sail I that two audits a year would certainly be 
euoiigh, nnd submitted the following rc^dutiou, which wos adopted; 

Tbfit hcrwiftcr tlir r>f th* lastltutlcm EihO-U bt? audited 

f^aitaannnUy lUidcr iht* ilinx.umii af tbr EsreuUrt* 

FEE J*1JK AllClllTECTa, 

Till? Chnncellor read the following letter and mclcKSure from 
Mr. Berniinl IL Greon: 

|1eil-l>jnu PDI TOE NATIOffAL ^iL'lTEtrM* 
n, l5tirEai3^TJ:wnf;sT of Ca^Fniumo?f+ 

tumtAtiv OF Cr>M]a£sshi 
/Jh liiireh 

Sift: fty tbi* tiTnifi of tliecjcntrect entemt into Mnj 1.^ wltli Hornblowor 

& aa ikreliltLs:LH for tbi* aenv Nottoiml Muimmuu hiiiNUnj^ iht^lr eolu^ 

penHitluu wr&H at Si per LNHit oa tbe ^egsf of the cociHtruciloi’i of the 
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astd tmlltUni; afU'p uxclndlnB tho ttpcbltecls' fi(*' anil Hip conlluBent «wt tlw 
seT' lrrts anti exiH'iisen «f Hit jwirty ot iho flr« iBirt.” anil tMt. furtlwr. 
tbpy idiiitJlil recflvp fur swlj pcrsuMinl aupirfvisilon of the cmistmctlon ns 
m tjrh t Ihi t'nllcd for fnitn time lo ilwe niltlltlonal tjniLincniMtlmi wltlilH n toml 
limit of 11 |HT cent (Ml till! cost of the coustruc^lon ns iiboi’c ilt.sd’fltMuJ, 

An rnnHiBouiciit with tliL< arebltPCl* for ciraptijSBllou for tliclr iwmdintl 
aiiiK.Tv)nlim iiiiiltfr the socoud jirovlHlou of the cwvtrtict sTionM no Tunstnr lio 
ilolayed. Tlii'y Lave alrviidy roudomi ttioro or Ipsk of sneli eerrloe In the 
riro);nt«!f of tbl* work up lo the presmt tJuio, nithePlo imyments hnve tieoii 
lUBde from time lo time tm sotfount of the 3| jut «'tit iwrtlou of their win- 
INniAitlnn niuninitlnt,' to ?a5,00t>, lint ihoy huve ructihed no coiuiwnaatton for 

Tlie worlt iimi ttio Iiutp jilrmtlj' dorte Imp Ihs-u itiiiuiiiftlly 

to th™, hntTiutti* of Ibe pumanmii nf il«fli?n athI ot 

liull(}|iii£ to iiKK't tlu’ L-wrwUllyiiB of lcML^i1ciiJ+ llic IlioltaitJon t>f itK cmh thy 
iliilri'ivieritw of ttH liitennil nrmiisyiincit, tin- n^flnlt of ivhlHt I a to ho ft bplldlnt^ 
ci.f ftir wirM^rliar \ml uilniitntlon fnr I In iniriit^st% nil wSiblii the limit of 

t'liflt flifil by IrtWH ihiiii vr^if ijrovlJyil fnr In Uie ori^nmil ilywlpn W|MJtl ^lileh tli4> 
Liw ivap IhiiHiHi lliy jirelnlluctfl Live si» oxj^niic of tlmcv IiUkip, travel, 

null hK.Tilv miHlellug of |[iiiir>iH:iiiit fiiirlH of the hiilliltiig tii orJer to JirrJve at 
rewik tui-ufloisotl. TIwto yet ruiuaiiis mneb work for tbom to ilo In tbe ilemllp 
for tliy eotnnlotJoiu cfiiM^eluUy the tnterkir of tho hiilkllfiiF, iiot only In pfculy aud 
Im* Iti tn.(iw?fvlBloii of tbo ooiSAtrucil-rtn. 

T^niJiT I bo jiri-wnt of-PTislllknut ibi^ri^fun.% 1 have Ihu bouor to rycoiuincnd flmt 
ftntlioiity ^^SveM me to etiii^loy Ihe ih^tsoduI Ri^ierTluloTi of thofinJitteelH, iimler 
the proTlFhm of tbo-ciiutniet tlirlt'for, until the entiri" eonualotlori of tlie biilld- 
tni;, at n nite of e^inal to 1* |iur root on tbe cOPt of tho eonstruc- 

tlou of tbo Imlliilhin es ileiliiod in tbe ocnittfloli 
I tueloBo hervwitb for ytnir convenience n cohy of the contmet nnil Jl* 
of the Pnwi^lSnKn r-f iho Hf^anl of lt<^.teiil^ fit lt« tnrtMliiK on Jnniiary ihikl, 
eoEitalnliLj;- the orlffbml \nyv for the e^^nstraettoo of the bulMliie axnl the rofl^ilu- 
tlou of the Kw'iiis orovlillnj? for the tlVreciloii of the work by the UegoiitB 
through n»e. 

Yotlrn n'Piwetfully, ltf 4 tSfABtN It, tSitECS. 

rt jJT'rlN I f.nttrn! of ftortjrffllC^ toFi. 

Ur, ttUAB. \y. Wi-tcotT, 

."'-wifl'AjirfpibiH /b f> 

AHlelrfl of funTeuKtii enteroil Inio tJhfi eljrbti^^ntb itay of ^tny, nineteen Luu- 
iti-td null Ihn^ Ikiwijon Bernard R Kii|>erliireudont of llie 

tinikliitg auil KirtFntulf^+ LIbmry of Conpri^^p of the hrst tmrt, uetlng umter the 
iflrectlou of the of the BciiltliBonlnn InFtlliitlOEL for xiiid In Ik^tuilf of 

tliL> I'll hell Ptnb'H of AnierlcfVf unit Jowoh Vr Hnmhlower unit Jinnee lU 
,\|iirHlialb inrtnnrpi dolui? hurtlnt'ws fiit arehlUk^lix under the firm uanie of Ihiru- 
btiiiiHr h Mnrrthiilli, of Wniihlnj^ou, in the I>b7trlct of CkxluiuhlEiT of the ih.h:oui:1 
jMirl! 

^nilR Hpri>eineni wlfncstwtlu tliflt wherf^s by a el of rungreflu notirovcil ^inn^h 
hkJa, the Btiild JEtireulk wen^ nnihnrlzAHl tn iroinukTiirti ihp *‘roctIon of u t^ltnble 
Imlkliug for the uee of the Nnibnuil Mo turn 10 On tlie uorili Pide of tlio Mull hO’ 
tw'€4-^i Xlutli titiil Twelfth Ptri'otM iiFwlbw-pst, j^id bn Hill ns m cost not eieet%lSns 
tlifEi' HI ill loll hve hnnilreil ihoiinanil {b>ltarit, the anintnietloii of mhl liulldlui^ 
bij 111 ehari^e of the wild Ih^niniti lb Gmrtii who Ptmlt indke ult eontrnjcta for ihe 
work; liud 
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Wbon-nH It iriilfKiic^tkHikiLfc^ Lu tritr |jro[i^T fiiiil t^iHintruL-liDii i>f F4i« lin- 

jKirtiiiiE n jK-minut'Eil bullilliif; tlmt in; jiJx43lti»(^E or flj-fu of o rdiitectu 

tliL' refill Is! te ffiletit* fciklEI, niid i'3t|wrlpiiw sU^kiili! Th* ^•ul|l^iPJt‘tl for tluif : 

Tbo m\Ul Hvramnl IL linieii twltli eQiieum^ox' dud c^iiiHvuL, ikud umlor 
ihv dlmrllou of llii‘ niIiI iiuil llio flild llondkiowrr & ^lurshEill nil 

Luivo luiituidly nRrwilp Jind 1?y thc-se prc«‘ntn do iniitunlly eovoimiit mul nffn=i^, 
ti} nikil w-liii «i€b ottwr, RH follotrt^ to wli; 

TlmtT for the iWPtSilprntlou iLundbdfti^ nheEitlom?^!, tbe saia jmrty of cliu 
I Kiri sluiLU under lln^ dliHKtloti find Id Ibe e;itlre KattHfRctlon of tbi? 
siM iMirty of Oio flrfit imrt ti» iifDn.^ild, ninko iunl [kri-iikm- 

IInd fiiriitftli IILI tlio neci?f»sRry iildCRi, iLu! wnrklii^i; iinil oilier drrt’iv'tiihiH. 

deLiillS; fi|K»emenlioTi^ niid i'tfiitonliw miulml for tJie iWHtmelloii u-rHuidete of 
thi? mUl LiljIMIu^: for Ujo XutlonnI Mui^oiiiiL, laclddliu? nil iiecei?»iry uuKlSfleft- 
flouH tlift I rnny ho miido therein diirlnp^ fbn pnii^resg of tlio work. 

And the i^k\ party of the accond pntt ftirtUor corofinutB and to fiir- 

tilidi to the jmrty of die flrKt p«rt, wlitlioill ejj?tt to ih^ ftiltwl 8tuti^ ope ewd 
of tnichih^ nf uU working drawlni^s, liioludluK detnltsv iind two copies of sjiecl- 
lleriL!ons> ull uf which slitill rviunln Ld the cnstoify ppf the tiarty of the flr^t part 
nnil tH« 11 nd renin III the iwoin^rty of the t'nJteti States. 

Ami the pnrty nf the secoiid imrt further enTennnts imd iiRri’vtt to lunkCp 
when miulml my to do by tlu> purly of the flist part, without to the 

UnSb^d Stnles, tiych rcTlsIonti iitid altemtlons In the wurklni; dmw'lhiirH and 
043ecmiTBtlooM uf sakl build Iiik ii» n\Ay b^- nt'CftSftvry to Insaro Its proper Coti- 
struct Ion nnd completion wilhin Ihu limit of eimt fixed by the pnrty of ihe 
tlrsl ]fcurlp amt to fnmlHh all dmwIni.T'; dotal!!i, ^^i^iaejilLous^ estimates, etc.- 
In such fH‘<p]eiift> tusd ak sneU Nines ae^ la Ibis Jndgmaat of the imrty of tlio 
flrsE lairt, neiy ho neeessarj’ to Insure the c^piiUniitittR and prompt prosecution 
of ilie work of (ikiistruelLon. 

And the paHi^ of t!ie flrst rmrl covenntitfi unit nj;rot‘3i to pay to the party 
of the Recond iwirt* or to tbeir heirs, escecutnn*, nt* ndmliiistnitors a foe coni' 
putixl at the rate tif thrtH!> nnd nnc-hnlf {Sj ceJitom iifjon the cost of the 

goEutnactlon of the said building, after exchidlui? l!ie arrhlt^s^-ljt" fi'o mid tbu 
i-oiitliigEOd cost i^f ttie senici'ii ami oOlc# fX|)enBes af the party of the drwl pari, 
nil |o Ik‘ delcrmlucd by llie patty nf the first part. In tlie following ninooeri to 
wit: The aiPii of thirty thousand dollnm wdiwi the preUmlnai'y dmwIuR^i of tla? 
Bald hulMIng ant comtilrdr^ and approTeid by tlie tmrty of tlie drat ihirt lesa the 
smu nf foEir tluiuwiial nine hiiiidrcKl dollars heretofore ri^ceJTi^t from tlie Unitcil 
Suites for the leutatlvo sketcb plans imdo aud Huhinlttcd according lo the 
art of Coiij^iTsa appr«.»vetl dtiiii* 2S, 11X12, and the remainder, of sold fe^^ 
be imM hy the pai^y of Ihe drat itart In such jimounts and at sneh as the 

progresgt of the gcuenit drsiwlngi^ detalbi, ntiil stheeLdentluna shall warrant In the 
Jiidimient of ilia lailil lairty of tlw> iHirt* 

And It l-N fiirlber Lovoiianted nnd agreed by and IkOtween the iwpties hereto that 
the juirty of the ii4;K-oiid imrE shall fiinilsli such jkcrHioajit siiiiervtMloii of the eoo' 
fUruction n« mny berenfter he call ill for by tlw jisirty of the flriit isirt froin tSon? 
to time IIud Ht Hpeh nite of comiKriiwitlon as may la- agreed upiui Intwwuj the 
rairtlcs hondo. liut the entire eompLuisiitlDti to Ise iilloiivctl ninl piiEil to the jicirty 
cif the sr^robd imrt uialer this tM>ntract bIuiII not exeeeil in tho aggreimtH an 
nmonnt eqnrkl to dre per Erentiiin im Ulc cost of the couslructlioii of the boliilltii; 
Tikbcii^huati^l sHheroliila^fore iinwldodh iior flliall Itexi-eeil iu tho aggregiito aucli 
nuiouat Jtrt nuiy tw' lljceiL by Hire Ftfty-elKhtli CiPngrewi for thi> full services of 
nri^hltects In the ct^nstriictian of Ch^vemment hiiHdibipt of similar charaeter iiud 
ixiflt: PriffHcfcd, That tm nctlon of the Fllty^gUUi Congress or atiy suhacqneut 
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tbiy fpf^ of iin:MlrL»tts fltmll of ItBt'lf in* m 

rwlaet? tbo to^^l oouit^^Lsnllon of tlii- iwrty of ihi? fn^'nml iwirt to Ji imni thnii 
flvo IK-T of^ntiini iHi mii'Ti etiHt of It bi^nu hfc>M4ii iitLilC'nct^Hhl tliat tht^ 

of tho nn-hitwi mh liort'lii pro'fc Itltnl for e1u]]l be linsKotJ to ilirot^ niitl on4>huir 
|Mir (MHit oil mrU co«t of euniirnfi'tlorii toj$t>tlior with imrli ncltlillotwl t'otupeTiratlnn 
jiH ouny he fticesl dml to lie imhl from tlmo to tlni-L" flr«t 

imri aetlHW eih ofopo^iitliU wlilrli iiUibtloiuiJ oouiijonsatloo Mliall tsot, la aor ovent, 
eiCTHsl a HriRi i»t|LiEil to one ami rini>hiilf tK‘r cent on siioU toinl sjost of coiiKtriictloiL 

Ainl Lt in lioniln further pn^vkletl that no pftjTQioRt filuill liecume Anc boforn 
JuJf Urst, nlnetM'n hundreil itEid iSiHfO (isioaj. 

And It In furtlier dk'^vnnutefl mul by liiid hot ween, the I'lort leti ln^rtdu 

Umt tUo jwfcyiEieiiljt bore In to Ih' nmtle by the jwarty of the first p\i rt jdtfill 

1)0 111 fnH oomiwinffltloii mill ptiyineut of all elintt*0w for the full sonlces of the 
jMarly of the set^ittil imrt nnd for nil flosl^iKt iJlafiH, dninlli!!, ntn) j^iierlfientlcKnEi 
iLunli-^. onlenj^t, or for the XatloEinl Mufleiini by or under the illroetloa 

vt the BrtEii |Ktrty of tlieswjinl piirt. 

And It la fun her eov^^urinteit wnil ncrefTii ( iy miil ImUh-wo tlie |HirtiL>«i li&roto 
that slioold ibe Hulcl iBirly of tlie pwuid tbrougli any iitiarohUtble enuae 
lieonnje iTiiqbte lo i‘^mk|>h4L> tlw? foreuToton eoatracb up If the euuduet of the snbi 
tiarty of the iweund part \s snub tlmt the intcrOfUs of the rnittHl arn 

therel^y Mfealy lo l»> placed In Ji'^iinirdy* or If Uie iMtbl pArty isf ibe Mcsroud [wirt 
Tlolntea nay of tlio efiadllkina or ntlptihitlonii of TblP rOfttraet, the wild tiarty of 
the Drst twin aliah Imve the riv^ht to revolfe thia eon mm or nny isart tliereor, 
and to cqniso the «iine to Im ulhens'Jso fonipleteii: froturfcd. In Piieb enae. how- 
eror. Hint the iiwirty of ibe second part flluill receive equitable minpensfitSoTi for 
nil eeniir^^ n Iren sly iinitH^^rly lu^rftirtiml under this eontniet up to the ilnte of I in 
revoeatKitu tfueji onmiw-nwitlou to be flxiwl by the said iisfty of the dm |iart* 

Xo MenilHir or iJEdoKuto to Con^??s. op otber |H*roon wliO«c mime la hot ot 
this time dlj^cJoseiip wlinll tie lEduilrted to aoy flhore In thl« coDtrael or to mij 
lieneDt to nrise therefrom I nnd It U further covennittefl nnd aerreetl that this 
enntraut ffbull noE 1 m!> nMmicd. 

In wltnwM wheretif the iwirtle# berets bnvn lieroEinto plarnKj fheir Jmnds essiJ 
84‘alH the day nnd date heri^nbeforp wrltteiL 

Ur^.VAan fU 

^MF^rlfilrttdPnI u/ fAe anti f/rfutadAp Idhrarp n/ 

HoRNnLOWim ^ XlAiiiiiJAi.iH 

WltneBtsffl: 

iE^irccttr. 
fim X, Fnrxnt. 

(Eieentiwi in iTipItotiL) 

The Cliaitrellor aXs^ rend tlie following clfltu^e from tlie ,'?iirtilry 
civil net npprtiveii] ^lareli il, IWKJ, pfqvidifi^ for the new building for 
the Xaiionnl Jlu.seiitn: 

FtniLCHNo rum Nationai> ^tu^ntrst l To enable the Kc$:entn of the SmiibBe nijin 
tm^nutteLk to ronmieuce the erection of n sill table ffn^pn^if building with g^u.- 
Ite frokiLH, far the use of tbe Xatlonnl Mnseiini, to be erevled oti the nor Lb side 
nf till' Mall, lietweeii XIntli and Twelflb tdr**cts nurthwi^t+ tmbM aril laity In ae- 
curtluiice wltik the PLau preiinred nnd sutnultteil to Conj^ress by Lbe 
IhP 3 ' ijf the Still tbawulaii liintltutlaii iiuder the proytAhins of the net niipfoved 
June twimty-elKhlb. nlnenjuii Ijiinilred umi two^ two hundred and llfty thuu- 
Hind dollarA; Said bulldlntt. ciimplele^ Incltidloit lien ting atnt ventilating h|^ 
rioratUM and elevators, aim II cost not to exceed three mllllen dvi; humlrvd liton- 
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sand dollnr^ itfid u coutrucl or t-ontnicte for Itn coiupletfou l 4 fi liyrcbjr nutliurlml 
to ta) ontoreil Intel, subject to nidiroprlJitloTirt to bo umde Uy t^oOKrosB, Tlio con- 
Mtrtieiiou aIijiU be In elmnse of lloninrti It. Gmiiii, HupcrhitetidaiL of bul tiling 
flua ijrouiidis, Llbniry of Comn-inffl, b'bt> BbnU irmte tbo contruclB luiroto fto- 
thorlxt-fl fiud dlHbnrti? nil approprIutSoDfl made for tUe wark^ niid kIuiU recfilvo 
afl f^ll ■.■011:1 pen^tlon for UIb uenloni liuroundcr tlie nuin of two [boyMad dob 
Jars in addition to bis saEnryp to bis paid out of aild uppropH- 

nll^na. 

He also read tlio following resolution adopter! by the Board on 
January 23, 1SX)3, pi%i\iilmg that the Seeretarj^ bu authoriKed to rep- 
re^^-'iit it in carrying out the provisions of tjiia act: 

Re^^f^lv^:d, Tliat the Scs*:n!tnrr> with tlio ail vice nnd eflu^nt nf ibe CbnaMllor 
and this chairman of the lucceutlvc iwnitiifttee, be umla^riiBcd to ropreMct ibe 
Bonrd of KegontB no liftr tMiy be neCTaatar^' ku eonRilllatioa wSili It* 

Green, to wbum the caatftruellon and enntraels for the new iluseuiii buLldlnj? 
tire comi»ltlt>d by Conifrt«a la the act uuikla^f nn approprlatiau for that puj> 
pofio. 

A-fter conHidcrable discuHsioii on the {|i.n?iition of the hrchitOi't .s fee 
«uJ the coHtrpcls in wliich nil present look pun, Senator lji>dge sub* 
uilttecl the following resolution, which was iiilopted: 

That Mr. Benuird Ih (itwa be niiUjiirlmetl to nerubJnwor & 
Maniball the fee of one and uta^hnlf cent rewmiucndi^l by him, Iil addlUuti 
to the f«? of tbreo nod oiik-Liilf i»r cciih whenever la hlw Jadgmeut it huB. from 
tlmo to tltHc. hoen coniiid tmEler the ternia of the contract. 

tou EMEBflEXCV ftC-FEUrNTEND^VT OP 0:>X(mit3^CT!OX, 

The Secret aiy said that the originQl act aiitboriKing the new bnild- 
ing for the Xational Museum provided that ilie construction should 
Ik; in diarge of Ib^rnard R* Greeu^ who should make the coiitrjicts 
iintliorized and disburse all appmpriftilons made for the work. 
Realizing the iticonvenienct^ that would arise in ease of Mr. Guvii 
becoming incapAcitatetl^ he had requeued that provision made em¬ 
powering the Boartl of Regents, in ease of this emergenc'y? to take 
charge of the work of constmctlon and to disburse appropriatiuiia 
made for the same; atid he had to report that this provi5doti had been 
included m the mindiw civil act approved March 4* l^T* as follows 1 

EuiLDirfo roB XATioSAt Mubel'M: For cwrapletloe the coastmctlon tif iho 
biikldlii^ fiw the Nallonui Muw?iieii. ami for eneb utuI i-iVihry piirpoBc cornieeted 
with tbe wiine, one mlinoD two Limilrett and fifty iboursnnd dallaifB j jPrfjn>ftf<d; 
Tlicii If tbe sutlerititeaficnt <if tiulldlaga and ^p-aunds. Library nf Gougreae, n«w 
In etufcrge of tlie ctmalroctlon of the uew Mnweiw betldlBg anil tbi^ dlsslHiruSne 
of all approprlatlonti mailer for the be at any tinu-' tm^i|iacltnti.sl to con- 

tinne In mirli cbnrKl^ tUc Ikkiinl of of tbe Sailitbsoalani [nstimtioti ts 

hereby <Mupowcrefi to tnlte vharije of the oonBtrnetioD and to dk^nrae appropria¬ 
tions iiUide for the Bame^ 

ifr. Henderson s^uggEwted that if Mr. Green should become in- 
captudtnled between now autl the next meetingr in DiHMsuiber, it would 
be dijficult to get suitable action by the Board, and he suggested 
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thut iin iirnnigfetiieot iS^iouLd be znRde noiv* to pFovido foF such a 
coutiii^jcncy. 

The following r^lutloii wbh then adopted: 

Tliat If thfr aurwrlntciadciit of cooBtructloii of the new buildLiij^ for 
the Katlonul MinJeiiijif wIkmc arc provide for Iti the suinlry clrll act 

iitipmviHl March .% im ilmll tKTOtne lD(iaiBirltBti.^l for the rffirfarnmnee of lita 
dilhf^ hetw^seii thSa ihite and llet’emlMir a, IIWT, the itiite of the ocit lueeHiiK of 
the Btianl of nt^Roubs^ the Secn^tarj uf the Inatitatlou la hetoh^' ftuthorlied anil 
dlrectial to jienJotiahy take eJuiri^* of the work of coiiatroctloft on heholi of the 
UmH and to dlfehopae approjirlatlottB made for tJie imtuts or uiit^Lul Monie Eult- 
nble person iir ia*r«t>nH to take chans# of said conistrtieliou atid dl^uive inch 
aiiproprlatiotii^ 

SECBETAEr’fl aTATEMEKTi 

Tlie Secretary said t “ I wish first to thank you for the honor you 
have done me in electing mo Secretary of the Smithsoiiiau Institu* 
tioii, and desire to say that I filiall do all in ray power to uphold the 
intere^rs of the Institution and its hranohes.” 

(a) (kwEBNUERTAi. APPiiopitiftTiojfe roi! IOOT-^k 

Tlie Secretary then submitted the following statement wltli regard 
to increases in the appropriations for the fiscal year iW-fi: 

LEfCVLAUiak 


iDtematlfiTml Exchan^^ei^ to ____ 

AatnuibyKimL (>h>tervatDrr, to |t5tCK)Q (|2iOhO of tlilB nti-projirin- 

tloti Is I lad ted to prLntini; one vedume of the Anna la) _ ___ _ 1*060 

Natloual :^icisenm; rncKervutloa of Collpctlona* flS0,000 to ^lOO/lOO 

(for Incrcnetne fiaj of laborers, atid iiLcroaKLiii; rIzc of watch farci^}^ 10,000 

Xattaiml l^rk j new I for rcc<ma'tTiictl!if: rciudit^_Ilk OOo 

AmortcaiL UMarkiil Aaaocbilloiu lilkOCIO to $7,000 (prlntliijc reports)_ S^OOO 


Total_-___—---- 31,200 


nj^OEAfljEa. ' 

Xatlonni Friiitlnr. $34,000 to |3jk(K)0_^—-- 1,060 

Tom I iDinfaiie— -----StkSoO 

jfsw uiTfinTM Dinuinia 


For coaUnalnE the eotudmctkin of the new btiUdIni; for the Unfeetim^ there 
wTjfi appropriated $1,2BO»000, heLng the halfliice m the total lltultatloa of 
SS^fOO^im 

(&> nCMSTEOa OF TK 15 1 NSTITUTtOII, 

The Secretary stated tliat he had found the business of the Insti¬ 
tution in admirable condition, that the organization of the vatioue 
bniiiriies wtis sutisfacloiy'i and that no imiuediate changes would be 
mude^ 
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111 View of iho receiil exatiiinalioii liy ii fotiiiiiiB^ioii iip£)oinU'il bj 
tilt President iriU) tiie business mcibods uf nil the fiovnrniiieiit I>i‘- 
jiai-tmenls, oxcbisive of those under the charge of the *Smithsiiiiiiiti 
Institution, tbo Sec rets i-y thougln it would in; wise to ujipoint a com- 
itiittee on business methods for tlie purpose of eMinuiiitijj into all tiiu 
business methoiis of the Institution and its several branches with a 
view (if suggest!n|r, if found desiralde, iniprovciuents in the ijusincss 
niethials of the Institulion and its ^Hrioiis tiranulies, and in Ibe truna- 
action of busiuvss Is-dweeu tbeiii and the Institution, 

((?} tlesEiitteii tVoBK or tiia iKaTirnnaK, 

The Seerttflry BtatciJ that of the parent fund there would be nvnli¬ 
able up to July 1, 1907, somewbat over §15,000 for tlie uses of the 
Ijistitiition over and tiliove fixed tdiarges. For the coining ast al year 
1907^, after providing for the regular cbargfci, there was a iirosjwct 
of ubtult $’22,(XX), whicli would 1« all that was avaibihle for printing 
HuJ ri'searcli. 'I'his was a very small fund, and it would Iw desirable 
to have more uituioy fur reseortih and publieatioi] iu llic future. 

tiJ) ECk«kaIic({ work or tiir Secrl-tart. 

Attention was ealliKl to the desirability of the Secretary of the 
Institution keeping in touch with the spirit of rewaitdi work by 
carrying on some original investigations. Professor Henry before 
coiuiiig to the Institution had devclopeii many lufltiers of great ini- 
portance in connection with electricity, and while Swretuiy' took up 
the subject of meteorology' and also greatly aided the Government in 
the estublishmetit of the systein of liglU-bouses finder tlie Light- 
Houfse Board, Secretary Thiird was a stndeiil of natural hhrtory in 
general, and later devoid hijnself to fishes, Tlie development of the . 
food fishes, not only of the United States but of the world, received 
a great impetus by the organization of tlie National Fish Conimiesion 
as the result of his studies. Secretary Langley invented the bolom¬ 
eter, and used it with great success in connection with his inves¬ 
tigations in the AstPuphysical Observatory and his study of -wlar 
physics. 

The Secretary added that liia own rescftrch work had been in Uie 
line of geology and puleozoology, and that he Jeaiiwl to continue it 
as opportunity and time ])ermittcd. 

The Secivtary continued that lie was desiTous of obtaining sjiecial 
endoivmeuts for the puriimo of exploring and studying Central ntid 
tSoiith America, This would cmbriico all iiaitiral history, including 
xtadogy and botany, the securing of a knowledge of the natural r^ 
sources, and also anthropological, including archcologieal investi¬ 
gation. 

He particularly called attention to the fact that re,=!caiThes Iwaring 
upon the people of the Americas and their activities should be curried 
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on from « srkutific point of view: iiLjo that it was ilpsitablp to fitAte 
that thp SmitliHoninri ImiUtulion was prepared to take char^se of such 
re»*areli&<, in nccordanrc with its fuiidamental purpusiPij—^tlns mcrea^i- 
iiig and diffusing of knowicdgu among men. 

^Uk^^JEV'ATIQH OF NATIli?fi4Lt ANTlQDTnES.^ 

The Secretory stated that, under a recent action of the Soerciaries 
of Affriciiltiire, of Wiir, timl of Uie Iiuenor, to wliom had b^tn daks 
gated by law ihv mithority to lasue permits insecure iintiqiiiticri from 
the lands under the control of the (Government* nn n^Tcenient hud 
l)eeo reached to the effect that all applications for «iich pemiit^ should 
be referi-ed to die Sniithsoiiian Institution fur Tewnniucmlaliou- 

if) itiifimtB AMD Notice or BtrEsiMKSf* vob Mti7TlN<J6fc 

Tlie Secretary staled that it was his intention to send to each 
Regent, 10 advance of ii meeting.^ a program of the bitsioes^ to t-cuue 
U'fcsre aueh meeting, in order that the Regetit might bo f±imiliar with 
tlio subject before his arrival at the niceliug. 

lie hIbo intended to send to those Regents absent fropi the meetings 
a mpy of the ProceodiugH of such meeting in order that all night be 
kept constantly m touch with the busine^ transacted, and also to send 
on the 1st of July, and jterhaps quarterly, n statement of the fmuneial 
condition of the Institution* 

$1^) BfiClPllATlOS' FJenU rim ItaCLAHATTOM S^EBOCE AND TITE tiEDUDCTCAE 

Tlie Secretary staled that his resignation as Dilator of the Reela- 
mat ion Service had been tnitajmitted in December lo SiH!reliLry of tlie 
liilerior Hitchcock, but that the latter had requested him to continue 
in charge until after March 4 Secretary Garfield had accepted the 
resignation to take effect Mareh 8* 

Tlie Secretary further stated that his resignation as Director of the 
(leidogical Sim'ey was placrU in the hands of the President on Janu- 
ury 25, hut had not been acted upon, os the President wished him to 
remain in churgt^ until after Mr, Garfielct had mode himself ac¬ 
quainted with the details of the administration of the Survey. The 
Stairelaiy added that he hoped a new Director would be appuliited 
by the 1st of April- 

The Secretary, in answer to n question as to the purposes of the pro¬ 
posed South American expedition, stated that they were: 

A general survey of tlie duiuinaut geologieaL biologirmi, a.iid an- 
throfadogicul phenomena; 

A study of material by specialists and the preparation of reports 
thereon; and 

The publication and distribution of reports embcxlyiug the re¬ 
sults of these investigations* 


PROCE£D!KGB O? 'TIIK BOARD OT n£OE^T& SXVIl 

Tho SocitiUiry added that the permanent committee had atilhority 
to uc(;cpt gifts for such purposes, and he read the following para¬ 
graph, which he suggested wcmhl he advisable to be iidopleil in con¬ 
nection with all fipfts to the Institution for specific purjwses; 

The speelfie objects tisii»«l are consUeped most Imiwrtant, but Uic BoniHl 
ot ReKeiits aball bare futl power, by u vote ot twivtliJptto of their uuiubcr. to 
toodir^ tb« rtiMilitlons and refnlatioas auder which tJif liiwnie frota tlie fnnd 
way be dispensed, so »s to IflBnre that It shall always bo ni»pll«i lu the njanner 
best adapted to Uie claitteed condltiOits of the ttoe; provtiled always that any 
madlflentlaus AtmlJ bo iR fiooeni accord with the puTiiowsi of the doaor ns herfr 
Ipbofore (HcxirweO. 
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REPORT OF THE EXECUTIVE COMMIHEE OF THE BOARD OF 
REGENTS OF TEE SMITHSONIAN INSTITUTION 

Foa TUB YzAJi Jitjie 3I>. IWl. 


T 4 > iTte B^ard of EefftnU of t/ie SmUkuoman Instituliim/ 

Your esi£culive committed! respectfully submits tJie following re¬ 
port in relation to tho fimcls^ receipts, a nil diBliurscjnentB of the Imsii- 
tutiot^ and the disbursement of the fippropriations by Congress for 
the National JIuseumT the International Esehauges^ the Eureiui of 
American Ethnology, the National Zoological Park^ the Astrophy^ 
ieiil Olisen'atoryj the Intemntiutial Catalogue of Sclunlific Litera¬ 
ture, and the ruin of Cnm Grande for the year ending June 30j lOOT, 
ajid balances of previous appropriatioiiiv 

SMITlISf^MAX IKS^TITUTION. 

CofidHufii of the fund 1907* 

Tlio permanent fund of tlie Institution anfl the sources from wlueh 
it hm been derived are as follows: 

IS THE TftK^ftUaT OF TflE tTWlTTU STATES. 

of --— —- — $rjiet, ieo»oo 

U4.>«ifduiirr of Soiltlisoa, 180# — ——- --- IS3 

LH"tHH43t Crtim luivh]^ of Income^ ISOT - ——«_ lUS, (tcu. a? 

of Jaaws HitaiUUin^ - fl,ni.>u.0U 

Aceumolatf^i tDteirsr on HataUtuu fiind* 1+000. 00 


-- 2,000.00 

of SLmeoa ffat^el, --—— fiGu.uO 

I)oiinig|lt3 frfuu proewte of aaJe of botirtpi. --- 5J, 500,00 

filft of TtHiuiHfi ti. -—- !200, 00«.K(S0 

Tart of resUdi^irr legocy of TIil-piejis fJ. lioO^kUiv, -- 8, 000. CHI 

Tk^joslt froiu of Inconiet ifi+WXXOO 

UeatiJiiary legney of Tl^oumw O* Hwlaklna- — — f, lllS-On 


Total aUmlJHt of Cuml !□ tlie Ullln?<l Stole* Trcumiry-*^--..^ 044.018.00 


flELD AT THE BMlTUSOmA^C IKSTlTUTJOSf. 

IlefjlBtorCTl aotl anatrinteetl ii*nilft of the West 8hom Majiread 
CoDipany^ twrt at It^cy of Thotaao G. Hodskltm (par valiittS. — 42. OOO.OO 

„ fls<veis.tio 


T^tal iiermauent fund 


■KXtX 






















EEFOKT OF TWB tlEECUTlVlS COMMTTTEVE- 


That part of the fund deposited in the Treasury of ttie United 
States lienrs interest at 6 per cent jicr anninn^ under the provisions of 
the act of Aiignst lOi lS4ft, organizing the Institutions ^nd an act of 
Congress approved Mait:h 12, ISM, The rate of interest on tlio 
West Shore Railrond bonds is 4 per cent per nzmiini. 

United States 4 per cent registered bonds of the par value of 
maturing July 1, 1007^ were sold by your authority in Feb- 
niaiy, 15)07, and the prfjceeds, aggregating $7*1)18*00, were dojMlsitecl 
in the Treasury of the United States to the credit of the pernumenL 
fimil of the InHtiliitiou. 

of an^ dMar^^mcntit from to June ^9, 1907. 


SEciEirrft, 

OnsU oa UerwT«tt ta the rnitetl Suu™ Treaitary Jaly _ 

InrerTift on fnnil flppcw^Ueil in ilie ;Stat4?s Tmis^ 

tirr. One July 1, imk anil JuiUmty I, ItMXT _ __ m 220. tK) 

lutercact oa West SUoixi ItiiUrond tK}nO» to Jnonary 1^ 

liK): ....... 1.0SO.i)0 

Keiinyiiiiaitfl, nutalAp pnlillcationf^ etc _ _ e^Oieiati 

PruiTfietlj) from etalius In lltlfpitlon _ _ _^ _ 1,202. TiG 

lateri^L m IlfKlgicluB realOiinry futid______ 

- 6tl,4W.43 

Proeoeds frora Bale of ¥T,SSO UnlleO 8tatea 4 per <?enl reglfftereO 
boDdis UHIT. at llXli--^ ___ _— __ 7.918,00 

Total receipts - ---- - 82; &IT* SS 


aieniTUiELy aars. 


BalIdJagR, eare nml repaint^_____ 


raraliuro ana fbLtaiea^_ _ __ 

OvaDfiil 4>!C[H'aso«;t 

gflbirios _- _-__ m 200.10 

atwilnjjH- ^iHO.ST 

StJitirtaery- ---- 713). 11 

Fofimgc anil MOfi, T1 

FiryiEfat_ ___ _ 314.40 

iDciaualab - -- a, 221,74 


Uhmry i 

PnrelMiw? of l3<ioS^ blnOtaR, etc^^, _ GGS. SS 

Satarlea _____—^__ l,Diri.00 


Pahll^tlouH nnO their U^j^trllmthmf 

Oontrlhatloiuj to {Caowledgc - 27S,40 

Ilep(»rt8 - - — 1)01.30 

MlBeelhiia?eas Colleclloua,--- 2^105.30 

Pohlltatliin auppUca---- 214.04 

8|H!clnl [mhllcDtl^Jiia,-. --- 35^1,1^ 

... 12T, 00 


Fli:|>l[iinLhaiP nnU re8enJ?chCB__ __ 

HoUa^OijH apecLflc fund: 

relies and puhllcatlona ^^^ — 


|4,fV|3,24 
1,479.78 


3a,122.82 


1.0S3.OS 


8.003*31 

2; 4^ on 

am 03 
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miemiLHoRal EichunBB*---- 

IntPimtlonat CwtiilupTie of Scientlflc Litoralliro-4,00(2.30 

LeenJ oilMinsOif -—------— 1,780*^^ 

Aliparutiis -—^^----- ^.21 

GiLtlcJT Art -——- --—-—- - 


AdTflnceo---------^ 

tJlJllwl ^tatcfl TrcaifH;lE>'t 

Dc|HHiKtiHl to creilll of iicrmanTOt fo^d--——- 

BbIuhco 4 lino 30, lIlOi, w\lh the TroaBurer of the United 


$4^. iiSUl S3 
100 . 00 

7* Dig, 1531 

24. SIVA 01 


S2,^r.SS 


By aiitliority. your executive eommliitee employed Mr. iL E* Bates, 
a certified public aceountant. lo audit the receipts and disburseinents 
of the Smilhsoniflu InsLilution during the period coveml by thb 
reportK His eertifiente of exandnatioii e^upports the foregoing state¬ 
ment, and reads m follows: 

WASUinar&^if, IK Octubmr g, iWJ, 
Tile EiTtvtflfpr Uonirtiffirc, f#««rd o/ /wtli’/utfon, 

D. U, 

ljK.vrLiLU£!f; 1 thal I Jmte cicainlnetl tlie nccoiuita of the KmltliEonlAa 

ItiiUltiitLcu for the fisca! year eudlaK June 30, and find tht* folEowIna cash 
stateiaent to bo carm:t i 

July Ip ItltOa, hfllnnre oti hnud_____—-—-#10,184.13 


ancenn'S. 


Total recetptfl -for jeftT eaillhg June 30, IDOI - --72,303,10 

Total ____— .- —- ^ 


BISUlJllfei£«J£XTe. 

Total dtHbarwmenrs for r ^ r- --- - - --S7, laF?, 22 

June 30V lSi07. balance on Lti!id_.- — --— - 24^ ?m 01 

Jutle Jtf>K HX>r, iHilaiii'e mb imr Unltra J?iatea TrooffiirOr'iN ptateinimt. 

after dodu{.*tlQEE all uutslmidlng cbccN nnioahl- -- 114 hSu2.01 

Ei>apoctful]y. joUffli 

(t^lgUtfd) J. HATEfl, 


All m<in«ys weeived by the Smithsonian Institution from intorest, 
sales, refunding of moneys tfiraporarily advanced, or otherwiBc, arc 
depositeel vrith the Treasurer of the United Stales to the credit of the 
Inst itution, sud all payments are made by checks signed by I he 
Secrctnf}'. 

The vouchers representing payments from the Smithsonian income 
during the year ending June 30, lEMJT, each of vrhich Itcars the ap¬ 
proval of the Secretary, or, in hb ahsence, of the Acting Secretary, 
and a certilicate that the materials and services charged were applied 
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to the purposes of the Institution, have been examined by the Auditor 
in connection with the hooks of the Institution, and found correct. 

Yowr oommiitee al^ presents the following stntenient^ in regard 
io the uppropriaiions and expenditures for objects intrusted by Con- 
grcffit to the care of the Smithsonian Institution, based on expendi¬ 
tures by the disbursing agent and audited by the Auditor for the 
State and other Departmental 

ifatemmt <if dMurttMcnft from fipprspriailnfuf 
ffrr»9 to thr roTT itf fhr t^mittisoAiAH InttiiufiOA for ikr pineal prar rndinff 
June «fnJ from ^urirnceic <>/ formtT peant. 

IPSTERXATIOSAU EXCZnASGES, SMITHSOMaN INBTlTllTlOS. IIWT. 

Appropriation Cotiineos tor tUe jonr cudinf; June 3a, IftOT, 

** For eiepouftes of lUt:' 0 )?etea<i of Intemaflntml exclinnia?^ lyetwe^ai 
the t'liKtuJ States and forelpi oiiuntrtea tlufJer the dlrectloo of tliu 
^mlthtvnnlflii ZnstltuUna^ IncJatHaie i^lhrEwi or eonira-nHitlon of «IJ 
iio<x=^ary employeea ntnl thi* piincliOHi^of a-fco^^ry booka and perl^ 
odlcals’^' <auiiiiry ctvU act. June iriOO> ___SOO.iJO 

fUAuvmtHtmH* 

^LftriOA or compenaeitlon: 

1 Aiisj^lHtaut Secretarypat f22fi iwenmnlli^ ^700,00 


I clerk, at flJiO iwr __ 1,0[> 

1 clerk* at iier ___ 004. lU 

1 clerk* at $123 per asonUi^. ____ l, 300.00 

t clerk* at $110.00 [#r aiotiiU 

1 clerk* at $&0 iter |j«0. OO 

1 elerk* at $S0 j^er niocttli__OOtl. 00 

1 clerk, ttt ¥70 im^T niontli_ 137.01 

1 clerk, at $*tl iwr ni!natli_ ___ 154, JO 

1 clerk, at $70 jht lUDotli. _, 1^4. 00 

1 clerk, at ¥*jr> i^er aiontli_ _ _ __„ TiSO, rjfi 

1 clerk, nt$3il iM?r mo(nth^^___.__W 

1 wtenctmipher* at flliS jier nioiuli_lYl 

1 BtenoEra|>her and tyiwwrLter* at ¥iS0 per 

month ... . ._ iua.il) 

1 inen^iiaerp at $33 ami $43 |H>r inoatli-. 142. fKi 
1 yieitseai?,^r thoy, at $23 amt per 

na.mtli ____ __ _ _ OliO. 00 

. 1 amsaonger boy^ at {ter iwuMb_ 'tOO.OO 

1 MNirktaaa, at $70 per taeblh^ __ S40*00 

1 Hkllled Itttwrer, at fJVi |ter niontli _ tMKl, 00 

1 skilled talHjrerp at li'Sti i^er roontb^^_ 2t4, OO 

1 AkTlit, at p<*r tuontli _ __ ^^.00 

1 ajfiut. at $13 iKT moDtb _ _ ^__ ISO. 00 

I a Kent, at ¥73 per uiontli_ ___ - SN'D. fJO 


Total salarlctf ar ccn!iij>cnBatlnii._^_. 


__ $ir*0ttl.01 
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CiOCLi^rAl ux^ni^ii: 

liookK --- - - - IlfitiTTS 

ItuXdK ____ Tii* ri?t 

Frvlj^htn ate — _ - -_.^_^___,- (J, Old. 07 

Funjiliirti _—-— OIM. 71 

Poetnprie — —^-— - - J5(M)*lX> 

SupplJ*^ ^Icvtiichy, --— 

Sljitl^in?rj\ <sftc,--- --- - ISiH. :i4 


ld.ri:n.3H 


Tofu I llIpbllTWtHfntTja 


fm^ 24 


itJijr 1. tiw7 — ----- *2. 11&. m 

Ih'TKlE^iATIONAL KXCJIA NGES, ITIIHP XIA X IXSTITUTION, ItiiWt. 

RaKuiM^' -luly 1. 1SN»(, IIS |itT In^t n.‘fjnrl --- $y05.1*5 


Dldlkirillal^MKSTfl. 

noXCA _ _ - _^ , - - -- - =— - - -— fiCl 

Froli£l]t ^ —----- IH2, IM 


KtiittoikL-r>% tK>ok4, I'll-' —— --—-- iDiHT 

^UpjkilG^ - -- - --.w.— 2S. US 

Tottt( dlulnitwiiM-iils . .... . tl01^D7 

n _ 

Bailniicv July 1. mir. — - - - ----- 3. IS 


INTER NATION A I- EXiTlx\NU12(* fiAIITIlStiNt AN IN^STITin'ION, l^. 
Hitkitic*' Jtily iSniis, Hit \vr Iiiat rviM»rt-, __—--- fiyid 

Ka illEtbur^umt'iitij, ^ 

Bfllniurf' <rtrrU>0+ iiikUt i^mvlsluim nf itrvlH^d Siaititf=*N, ifoiriSnEi -KJOl, by the 
Troiissiry Dsn'llrliittiil tu the cTcdll of the ^^Tl^pl^l^^ fund, 2lino UW. 

AAlE&ZOAxN KTIISOUNIV, NMITU&ONUN JNSTITVTIOX, ItWf. 

HxeEirnL 

Approprlntlfin by CnoftTwn fat tlie flftCPiS y4»nr Jnrtrp ir*OfT* 

For eoutlnuluj; ethnoliai^ien I ri^Aeti n?J h‘:A tiDKiHi; tbe AaierLcsiL 
IhdiiiiiH uiLil \\ia iintive^ or llnwiilk under the direction of tbe 
Eiuitb 3 ^>iitno Ipfktltiitloii, tnelnillng Balnrlic-fi or couipoomtlon iff 
nil ni,'<^rawiiry i?iii|di>yFi^ and flip piin'linse fif Htwswary bijokfiAtnl 
|ieHoi1letLlft« flirty thcnirjiikd doUnrH, of irhirb simi not 
one tboni^iikil htiEkElrivI iluJIurri iiyiy In? nik^l for rent uf liulltl- 
Inp" irttiTutrj- civil ai-r, Jtiiic :Bt, llStHi)„ -- --—.54i).iiW.-J0 

Pld^likCSK^KNTKs 

EftlurSi’^ nr eoinikhnHntloii: 

1 mol. lit i^r momb ___ 

1 cUniologlBtp nt [ler _ HvUbO. 

2 etlmiilof^iftri, ttt \wr moullj^-._4, bO 

2 nl ivat nionfli_ 3, KiO. b2 

2 etbnolnKlmiSv nt |i2fi tnonib—-a.OCw.OO 

1 innfltratoT, nt AHW.OT per month _ 

1 iHlUior, At jtOO j^rr nuintli __ 1^200.00 

1 iNlltor and proof-reader, at ¥4.08 per 

ijfty- 402. 43 


417m-^ -3 
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$a1nrle« of cofflppeiiiaileti—C oiiiIiiirhI. 

1 ciCTk. at $125 jmr wnfillL^ - -$42rf. (lO 

1 iMd dcrlE, nt per URiiiUi-^— 1+1300. 00 

2 elfirlsR^ at $100 iwr — 11,100,00 

1 At |100 [lET montk nnil 

iJaj^_ _____ m.iS» 

1 lllimriim, at $100 montli __ j^llOO^OO 

1 typenritaf, at $ori |wr - 14 &IpS1 

1 typcwrOpr^ flt $00 per - MO. 00 

1 BBalatHi]i 4 at ItMl tit^r miKitli -- 1^12,00 

1 uwKiefii^itr, nt jTilS iwf taaRlili -— 000.00 

1 fikllletS InkofLT^ at $00 liiT iiiimtli^-— - T2U.OO 

1 lulsomr, n.t $60 \vr inontli - OOOi OO 

1 Iftticfrer, nt $45 mcrnth-^- -- ri4*XOO 

1 (Mwk'wnipfwr^ jit 20 Ci?ota }m 1ioijt__^ 17^. 40 

1 laborer, at $lJiO jaT itn>' .--- 43^ 50 

1 ctuirwoumn, at $1.60 per — lELTaO 


Total salaries or coiniM;i™trci.a _ TlS, 10 

Goacnil cxp€tiii«a: 

Books, blndlnft, He --^-—* $617.00 

Drawlop^v eta —.-^^ 32B. tlO 

FreJjcbt haullnR:* - 00.26 

Faralture aatl Hxturoa-. 421.9(1 

Ligliy DS _- .. --- 270.21 

ManDBcrlpl-. __ 717.96 

ktiaeolla neons _ . - t67^27 

Postage, tHFMhoiii.*i nail tologmpb.. _ 13$.B4 

Bentnl . ... 1.370.00 

Special fkTvICiftB;^.. _ 725.67 

Spoctnieafl- ______ 24. 60 

StatfDQorj __ 32 

Supplies__ _ JWtS^24 

Tmrol nail Helil axpeneefl--- _..... 2,164.03 

- s,34a,ai 

Total dlE^nnwirtenTH - -- ^—__^—— _ 


im. 20 


Balnaoe Jul^ 7, 1007.— ____ 033.!^ 


A»lEaieA3? ICTflSOLOGY, fin JTTIISOX | A N IXHTITOTION, 100*1. 

B&laaCf' Jolj 1, 1903. tt« ppr IakI ----1- $022. 23 


jjisfrrt|[^OMir?fTj5, 

Hooka- --- —_______— $15,37 

FVelclit—— ------- 30,33 

Famlturin and flxturea.... ----- ;W). 16 

liglitJaE _— -- ------ 92.98 

MlBCvlIiineoaa--—- ---- 2i.33 

Pofitit{co. taleplioniv nnd telograpU-,,^-,..^ — ___ 29*41 

Specliit flerrleo* -------- SSvOO 

StatloneiT ------- 36, 4$ i 

Sappllra-^---- --- —.— 69 

Travel and flcli] exponics^ ----- 269. 7B 


Total illnbursieaieata ______ _ __ W12. 77 


Balaaue Juljr 1007— ——————__ 9,51 













































ttgJPtVHT OF THE ilXECUl'iVE COMMITTEE. 


XXXY 


AAlKItse^N ETUNDLCKpV. SM JT^aSONliS ISO^ 

Bo lance 1, IBOOh m pet luat rorwrt___^ ---- ^.4n 

Xo dlBbut^-ltkOatR 

Hnlanoe «iri-M, ODLiet pix»vlrt|otLt of Rovlaetl ^tntutes, iwUon !>>■ tJie 

Treoaiirj- Dt|iatUUiJii? to tbu of the f«ttC June 30, 1907. 

AttTROPflY^HCAL OBSERVATORV. SMITHSONIAS IXSTITCTION, 1U07. 

Api>ro|>rlntloM hj Ooii^i^ for Bjo j«r vinlUi^ Jwo*? 3<V 1SM>7, 
t‘or iiiatatc-anii TO *if A#d:roBliyHl:«il Observntoti’, uuihT the ill roe- 
tloii Ilf the Siiiit;lij<oiiliiO tiurtltntlfifi, tntludhiK NihitloB of nsialst- 
sichv tlu? rrtitehase of necei^iT bfa>h« mud inTlodkiila apliiimtitH, 
iimkliig uoceiwry uhaun'ailoii* Jn hijdi ouJ poh- 

llahltiit reaultM of ttbst'tflivhefip not exo.'ctllnjff l^'JO eiiplc^ repBir« 
utid eliorartoiiB of Imlldlhg^BV mlRcelliintwiis ^14,000*" 

C^RUidrj cltU act* Jtiae ItlOttl--—---— 




^Catie^ or cojopGnBftfloii: 

1 nolliig director, at \x^r ttmuth -- f'4 7lHiiHl 

1 Junior jiRBlalnut, at imir ttumtlu _ oo 

1 Luiuputerp at $^33 t^it aioiith.^. - 883.2^0 

1 C^nORtiler. at $S3J37t Ikt _ -IHO. Tihi 

1 bidotoQtTle aseistant, at STitl cntHith- I Iti. H7 

1 IpHtruiiiciiMiiaker, a I fiiofi tier liHMitli. IpiSOfP, mi 

1 elerh, at $125 |w!r ioaulli^- ——- 

1 elcrb* at $12h |H?r Edaiith ____ ^ 

1 itutHi^phcr. rtt $i1tUhS [w moaili - 

1 lueBacEiiecr tioy, ut $-IB iw'f umnUi— __ mi 

1 ciirj>oDter, at $U1 [*t'r oiOUtU -— 15. II 

3 llrotimiu at $0O per monftt- _ — <17-. iK> 

1 okllK'tl latian-r, at $100 per niotitb __ oO. tNi 

1 at 11:25 [asr --- li^,7Tt 

1 ck9iU4*rp at $1 iwr dciy*^ ____ lS«tiO 


Total sitlarlcB or wim|iciuHitlWi™ - $li>, i*7L Tid 

tltmefnl exiammuai 

Appamtna _^ .. ¥41*5- ^55 

Booka nnd bltallhr;. --—- 

Build Ini? repalrfl --- :^7-00 

Ca«tlU£a-- 13.65 

DniwliiKt*, tabkijftt ---— 117,25 

Eletirlclty, jois* uti:^- --—. 2^SS 

Frulidit _____— 70.34^ 

runilturi^ .. 42.JS1 

tiiimber — ^ -^- 4.36 

Postajio. telojiliotie, aucl letrstaph —-- 13.155 

Stationer^' -- - — ll>.'H 

Supplies, chcmtcuhk tuOtiW etc—^^ -— TlSO.42 

Trnvel and field - 435,56 

- 1,300.46 


__ 12;062^CPJ 

_ _ h 937.93 


Total dliburfiitpeot*^ — _ 
Balmnre July 1, 1307^__ 































aEFOET OF THE EXECUTIVIi COMMITTEE. 


ASTflOPDYaiCAE OMEttVATOEY, 8M1TUSONW INBTlTCTlUX UHWa, 


1. ItKW, nfl ptr Sutit rep«Jl_ _ |£!,i34tLU?4 

t»lfibUKE£UE^T£U 

Rcrvim rtf Mrttnetrir nscilPtnnE nt fJWi per inontii^- _ 

i43[ianitu«i_ ____ _ ___ IM, 

Brtokri ctail blaiUtiK ____.____ 70i, ti 

liCMili^ cte^ ---- mKf>0 

Htectiicfty, spis, _______, 2U2, ix> 

Frct|,^hl - -- 

tplopbauo, tiiid t^l^mpk- -_ __ 2,3^5 

^DppTI{«, ohimilciilB, tcirtl*, __ m23 

Travd una Held -- - -. THk 03 

Ttjtnl dliilTiirpeuK^ritii __ __- -.. 

Rjilniii.^. July 1, IBOT— ___ ,______ 

\»TEOrilY«ir.\L OHWimVATOHY, aailTEIflrrtNlAH IN^STITUTIDN, HMTk 

BiilunLiL^ July 1, JlMte^ aw ipqr last rt^fiort _ __ _ __ 

iirEmoHfiEAiisnTB. 

8iippll«« ___ - __ _ 

Tnivol mill th.-'ld ________ 

Tomt dl«lrtim*iTi€^ita ___ _ _ 

Buioiioy.. -------- --- 


IlftlEtiiE>i:> pirrli^il. umlffr [proiiaiotiH ipf &tiittiii^ ^ieidlnu :iiEi|, ky iIh^ 

Tr«i8iirj' I>o[Rirtiurid trt tin? ^r&llt of tiu^ sariihis fluids Juny :m. 

IN'TeHNATlONAk CATALM^^ OP kClKKTiriC LiTERATL’KE, RMITII^KIAK 

INiiTITtmOK, 

MSXElVrn, 

A[jproj]tidtlrtti tpy CrtoirrGSS for tlie iftral year rniiUui; Jfltio 2<X tSMJY. 

“ For tbe coApfimtioti of the Fnlted ^tat^ In tbe work of tiif Into 
imtknui! Calatogiio of Kclentifle Iilteratiirt.% tllfr frrofJiim* 

tluE of n Flnaained Indes lattaloirtn; of American aiientiE? publleA^ 
tloiiK for biefirxiOfiittOn In tliy Jiiten^tloDaL OitAluitT|i% tLc lijx^Kikw^ 
of elt>Tk tiln^ the inEry1inst> of mK^osmty Yimkn iiud iHTkjdlcfiTs, Hiid 
€tliur tkLH,H^r>^ IhcldifiilBl iurrieiiKe«, rive tJKicisettiil iloTlare, the 
Ilia ini' to be espeudtnt uihUt the illri^ihm of the Rotretitry of iho 
^mitliwnlan [EiHCltntlon** (sundry eivJl rtL-l, June m, ltwa),___, fTi,iHXk.no 

llt^liniUfKMK.YTS. 

EulJirtes or compeQsatlnii: 


1 cJilef MBHlRtaiit, at IliiTi ntiil |e1W> 

U OSO. Ill 

1 nt |t90 __ 

1 L-luaslfler. at *7B _ _ _ __ 

123. 7fi 
£54.17 
512. mi 

moo 

lELOO 
230. M 

1 elerk„ at |12Ij. . 

1 clerk, dt leri. 49D; iiud $lil» . , 

1 clerk, at $!S0 nnil ... 

1 eotnlDguer. nt isQO __. 

1 oitEfo^er nt |S0 _________ 































REPORT OF TUE EXECUTIVE CORrMTTTEE* 


XXXV LI 


58,3:$ 

Si. 00 
100,00 


SAlurlt# or ciiii]|je]tBiil lijn—4*nlltlllii«l- 

1 niti^lugnor. at friO- • --—^ 

1 tn»wrHer, at $50.. -- 

1 L^iieivriter, at -—— 

1 copj'iait at —--- 

i hoy, pt liSS --—— 

Total Bulnrlifa or wEiiiifTiinrtliao -—--- :Hh4i5,5S 

iirpornl pxpetme^i 

Hooka__ _ 

l-'iiriillutw aad -... 

po8ta(<t\ talrplianrT a art toloKiapli . 

Rtiitloiirry - 

----—^ 




m. 10 


im v^^ 


24.2r> 


02t 10 




m.4^ 

___ ^ V20AH 

nvis HF CASA riltANPF., A Rl SION A. RMITtti^NlA.N INfiTITITTloN, UlOT. 


Tiitnl ^ 

July 1, Uii>T, 


AF]f>mrFrlntloii by Coci|c:nw« for tlio Dsail yeilr oiHlJns Juno 30, IWTi, 
** Fill* protection nf f^Hi flniTiilo niln* In Finn I Coonty* tirair FEnr^ 
AflE,, nnti for obscuration tm llio rei»r\atlou, to la* ost^Mnliil 
uiiilor tin* Hat^orvlFlon of flit* Soeretiiry of llio Sinltlisoiilnn Inatlfn- 
tlivn, tliroo LinniHiiiii tlolla^^ (Bisinlry tM\ net, Jouo ao, 


orBnx'isEsltnTa, 


Rnllillnx fujppllw, sulislftt^^iro, ore. 

tjiln>r^ ttiiiLi hirt\ etc -- 

Tniiel nncl field espptn^Rrt^ ---. 



$032. IT 
2; Wu &O 


Totiil i:flalinr)«inu4Hitn.- 


2, trft9.47 


Rplnueo July 1. UW. 


,33 


FUBNlTlItE ANl> FIXTS^KRS. NATIONAL WISKI i|. JEN IT. 

UECHEFrU. 

Apnmprlntloii by Congn^w for tlio joar onfiln^f Jilnr 

lSK>7p For rftftw, fnrnltOitOi fixtures, mnl aktiSlanocft reriplr«l for 
tbe oxbLljltlon miiJ «irt-lieo|ilng uf the collcclkma of tbt Xntiolml 
XtiiHcuuip hicltnUn^ Nnlarlcrt or cosniimiMitloo of all nccORwirj' 
piniployoe*. ** cnitnln' olvU net* Juno 30. -- — $t|d^0(MXD0 

IflSniTlBElIKNTtl, 


Ealnriea or o^miion&atlon : 

1 BctHsrtnKijUoni^ at flfiiMki----- - faxHi.fWi 

I clorliu al ¥llO™-„ --- 

1 aliOR rorirniniip at IPO- - 1*080.00 

4 cnrpenteni, nt |S6^— ---- 

1 cuniKiter. flt jior 137.33 

1 carpentar, ut |*t*r Ony---..—SI. 23 

1 iffilnttT, at ¥7(* ami ITS- --- 


2 iraMtiUii nt - - ---- 2S 






























3txx\"ni 


BEPOHT OF THt 5 lESECTTTlVE OOMMTTTEKi 


1 (mlntet^n lit niMi $f u, 

1 fikllleti labflTf^r* m ¥li"^ -- 

I UltHPPiT. m - 

I T^urknmUp lit SK'*- - 

It lubope^ at lier 


J^SiXJLUO 

im m 
4S. ui 


Total BalorlM ar oonirMfiiaitlon- 


egtr^fisee: 

' l>niw«?n^ trayri, 

Frfiiui% cte— —-- 

<ilattfl - 

Hiinlwuru —--—^ 

HV»ls —--- 

notli —--*-^ 

LiiiulM^r -—*- 

Pnfnt«u OllK, -—“ 

ontl hnli fnriiltiinv * 4 ^. 



Flour - 

liiinfr -- 

Sjwvlnt Mirvlmi^-- -- 


___ flW. Ml. 


ad.7ri 

fiiKMtr. 

Him 
ailJil 
i,mi Tit 
liiu, Jll 
UU^Cill 

k 

118. TtO 



Tom I icpm^nil ---— 8fl 

Total iimiininftaiMMiT]-.* --—-- ^llt, Ti^rr. <w 

ItuliiiKr 3iil;r 1^^*^---- - ————^ ti,4Erj.;:t4 


PliRNlTPhE ANI> FIpVTI^HKII. NATH^NAL WrSi:irM, llrtwl. 


MJaOlTP?* 

BalarKNi Jcly 3, imi as per n-pori-... ...— - — F4*>r^i.U® 




Geiioraio3:[icnu(^a« 

Clottu cotioiit etc-- -- —--——— W 

Pravvors, trnyK. boxes, aic—, - -— ——- 517, 3B 

Glass Jaru-.., ----- - - 2^.23 

IlHrilxviin.r —- ----- 77.ItQ 

LhUnibar_ __—■ "■ 281* 

Office- ami ball funiUare --— ^ ■ — 344. 70 

r’alntSp olUt etc ----- 77^75 

iSiorub'c caaea — ~ -----—---- 


Total dSBOiinwiuaats —--—. . 

Bfilaoce July h mi - ----- ^ 

FUBJUTURE ANO riXTl'llEIL .NATfOSAt- JiPKHirM* IIHKn 


Balance Joly 1* as jwr imt o^port -—. — - 

Blabiirsonanila none. 

Balance --—— -- 8S,<#S 

Balance cturlftl, under provislotis of Bevlsed Stntuii^ iwctlon 3tiia], the 
Trmmiry DeiwrtiiKtiit to the crcOIt of tlm mirjdiis fumt, June <Wt 1907, 
















































KEPOUT «1P tub lUtUei'niVK €OMMtTTBK« 

HBATINU JlJSl* NATIONAL MCtlBUlil» M®*. 


igccnm^i 


Atmropriatloti by Congrcsd for tho Oaati ymr endJiiB Jnno ^ 

“ *-xiH!ni*w of hertilnu. ligbUng. clectflail. lelc»T*pblc. ana 
telophontc service for iBe XrtUoiml Mueelim" (sundry clvU set. 
Jime 3CI, -- 


9}S,066.00 




i^Urles or eouipeiiMitiiirtt : 

1 eii£itii^r, iH 1^.—— ^ — --- 

1 tclepliomj opera s^Fh at $T0-— --- 

t tElopbaDe operator! at por 

1 HreUtnii, nt 

I tiiDokanilU]! at my^-- -— —— 

V stoAUJ filter,. &t ¥S0 -- 

1 ploinlrt.T’3 Dia@lstiialfc at ^ 

I skSIlMl tstioref, at - - — — 

1 ifldlk-il Uborer, at amt $4 twr da>'_. 
1 akJIt^ SntMliW. at — 

a Uibotvrii at - 

;i tlectrlciaii'a lioliainip at $2^ per iiay^^ 


n.tm-m 
€21. S3 
aa.TC 
moo 
moo 

iWO.OO 

7TT.S3 

300.00 

IIOO-OO 

moo 

l,l>€0.00 

150.25 


Totol BiilurlM or coMuivsiBatlatt^-. 


Ifl 


Ueaeml MiMmitaa: 

Coftl anJ wooil-. - 

£U£«trlcftl — 

ISketTleUy-.. - 

Gas-— -— 

Hi^tiua «^p|3l!^l^^— —- 

Iteat of call boxifa - 

Special oorrlueH -- 

TeiearaoiB -- 

Telctsboncsi- — 


UTfL IT 
ST4!&4 

a.orriaa 

30J.S3 

m77 

imoo 

moD 

5.20 

380.34 


tiioaol 


Total dlplmnacmciitfl-- -^— ---— 

Haliiiicv July 1* JOOT^* -^ 

□katincs .\KD LI(1»T1™. i^Arios^Ah ML-SEUXl* 1000. 


10,110.20 

i.mso 


KECttm. 

Balaok^ July 1* 1000, ub p4>r last miort - 


?lp 306.75 


iioaeflil espeoaea: 

Eiccttleiil miplille*-. 

EJpctrldly --- 

Gaa — --- 

Healla^ ffuppHiv---- 
Heat of call box^si-- 


UiaHUMEMEStm 


__ laio 
mss 

_ 

__ ST. 40 
10.00 




































BEFfHlT OF TitE RSElTUTTTK OOMUrTTEE. 


XL 

Gcuerdi —4’oiitiiiuiHL 

Teli^erama _____— -- —-- |4.18 

TokMilwicies __—.— l-U.^2 

ffpcchil !»n-L»ft _____ - Il^UO 

Totnl iil£biin;eiiimts.^- — -----^— ft+ll^3T 

Bal&nw July 1. _ 

llEATINt* AXO tmitrSNCJ. NATIONAL MI’SETiL JlHir^- 
HKCrilT^, 

Bnlanrt^ July 1* IOCmX q« |ht liiHt rp-^Ewirf --- ¥i=slJ>2 

DliibiinM?i]UHtt^. wMiX 

llAlunLV __ _ _—----—___ Sl.iX£ 

IluLtititT iiirrli'^U nliilpr jiri>vLfiLciiifl of Sluliih-^ liy t\w 

^fn^iuiry rv^iwrlTiH'ut ti^ tlii^ cnMlIt tlu> fuutl^ Imw JUV ll-tiJT, 

rilFliEKVATlON OP COLT.EmoXfl. XATIoXAI. IftOX, 

jikci;h*tSk 

AppropriAtluii by Cotiirfww fur tlit fliwnl ycn r imtllTip Juiiu IIXIT, 

'^Fur iKKutlniilos; tbu hn^ri'aHoiL ^xbfbltlon, liin] nf thi^ 

cal loci loDs from ttip rturriiyltie upa ujpbirliii: pA|i4^1ltluiiH of tht^ 
fjuvcrtimuui. iLU(] from utliur tnclcHlliiK sMuriifi or ooiw- 

of all nuil nil litliur isiHM^wiirj* 

v^lwnwR, ¥380.000^ of wbkh pum niity Iw? itftrnl fur 

^ry tlniwlik^ ana lllttstratloiis for imbMcutlotifl of tbe XuOoiml 
ilprteijin*^ {Mumlry drlt net. Jam* W, ItHlilj- 


E^larle^ or coroiiepaatSon; 

$lol^tlflo niu] AilmluliTtmtlvp utulT— 

I niMlHtiiEiE aocrctiiry'. at ¥2rkX^i;i iMul 
faKUjri --- — ¥:*.ri«i.0B 

1 ailtnl ulHtni i I vi* u lucl^uni. h t #45111 ptm, 8* 4^!^lp 

^ bfc*nil tmmtcpn^^ al^¥21UJdO^,^-. _ 

2 aiwtorsp lit ¥20:L..^ __ ' :j,SKMotE7 

1 piQiiiKtoru runitor^ ni 911^ ___ 2, -KW,lill 

1 dinifort at - , ,,— KlO.tiO 

|j nminljjtit i^arptum a I f itfeii - T.ftW^.Sit 

2 nwiisitflot uOfrttnrs. at 1l2 

1 flftsiatflTit Luirninr* Eit - i, riliOHt)Q 

2 flsailfftniit oaniron^ nt |44i(SptttL __ ii^Cfefti,84 

2 iimUHliiul fforatorfi, at ¥l2fp. fiOS. Bll 

1 lub^lHtiiiit eunitor, at $1011 nud 

$1113, IMI_1, 28L m 

2 aHilatiiut twrfllom At -■ ZTiT-l.llO 

3 iLH»mtuiit cumtorp at ^^l^|Jl;l.___ - i+iio, !ni 

3 iatnmil Affir:l^aat c?tirotor, ui $llo___ l*^^LiO 
1 rblof of dli-liloii, nt $20D„, 2. Itia 00 
I (Nlltor. at |rl«7._ ---- 

1 ntltciHnl pottiHtHiiL ut IpTkllti.im 

1 retfirtmr. iit $18T ^, _ ^ ^UIMpOO 





















XLT 


KularM or cronilHMj.wii|iAi“C'iiintlniliHL 


i at --- #1+ 0^ 

1 ii^}a[Rlxi llbrarhinp at -- 

1 aid. lit -. -- lpa5T.Oil 

1 uld at $im——- ---- 1, liiXJ. 00 

1 aid. at $!!l^ ------ Iptmotl 

2 aiiiR. at m:^-—-^ ^ usm^oa 

H aids, at f7«,_.— 

4 ulda. at - 

1 aid. at iTfcTi--, _ lalfKWi 

1 aiif(Ki4tiial, at _ ^ (Jl^ 


l^retwmtuJT*— 

1 |] 4 i 4 t^%*ra|ilxL'r, al ---- u, jiHJ, Uk 

1 |>iii>t^i|;ra |fbk- aH^JlKlaiiti. al 3p*i 4^1. <wi 

1 L-bltff tiixiduniilHl. id l.riiHUMk 

1 tax1ili«na(£f(. at 

1 tiiJiiikTiiiSKr* at sptsiL- .--- 

% Iflihli^rtuSal jiaiirmlUr.jil IIW^-UO 

1 ii!«dx*k% Ilf ^liKj _ l.:2iiii.ini 

1 osleolMKi:?^ at |JHJ - IpllMPjh* 

1 ijreifcftTatar, ot --- u r^tJti.lt> 

1 lijTi'jinriitor. nl 1.^Jt».Ot> 

1 pri'aaRitor, at -- 11B>1.IT 

1 |in*^Lmti»T, at ?sm> __— . IpiWiptM) 

1 lircimratur* at ---- irt4&+t3T 

J preiMinitort at 

1 l>rctittrflli>r. at tpOO.Od 

1 prefaiiTjfnr, al fTD-,. m.OT 

1 lirpt«*miii^rp at tiSUp dtt 

2 iirariaratarm at |KUI -— STiSi*!! 

1 ^it^ltiratur* at $1?^- ——* 5SS.50 

• 1 prufiarftturx III f iM_. --- artl.33 

2 iiminiratoi^ at ^STi -- :MikR* 

1 ititdamdor, ut ilrtj- . MXiJd 

1 awii^taat iJi^fliTtitiitp Bi |tr>. . 

1 enatfidlalip at - 1.10. W 

1 cla«dller. at -—-- l.:!0iJ.<HI 

1 rrcurtlar. at FTn —-- mHXtm 

1 iwoniiiirf at |TU - IHI 

1 at lir^^OO 

1 Tatalmnier, At fCO___. - T^.OO 

1 cAta iQpior. at Sotiimd ^AtUSd - T4t!.d| 

1 at f(SO--- - --- 


CJetltui atafT”- 

1 dtuiiaM^ clerk, at IlSIfV—l*iC^Ki>0 
1 pmja'rty elurk, al flOO — 

1 dcicunictit derk, at $?SG — tum.^io 
1 d^kp jit —-—. - n 

1 clerkp m «ltdW— ----- 

2 rterka. at -—--. i.sai.oo 

1 dark^ at — - ---- IpOlT, IT 

4 clcrke^ at |S0_=-—— —— —— :||4Ei2.^TZ 

3 cierkfl. at IT3-. — 2^700.00 


$00. 


jjt.rM.oo 































XLll 


BEPO«T OF THK KXK(!FTfVE iOUMWTm, 


ur iHiiuiJefisutlJU— 

Clerk"^] Wufr—CanthiucO. 

T derlE, at ____ __ ^acK> 

1 derk, ai $m ----- T^tao^» 

4 dfl’kfl, fit S«a -- -- ZOIS.()0 

2 elerta^ at __ O^sl+OT 

1 clei-k^ at —---- 4-M 

2 nt fl.lC [Ktr *!»>' _,__ 

I t'lerk und tytirftTltfT, at ikiD^Oll 

1 drrk Hiid pri^panLtor.n t $tljl»iLid T4T.fi£> 

1 botuEilml agal>FtnEktf at $17^ ... 

I ftt^uj^pJiiTp at llTT^ 2, 

1 Hi ^«.i --- *l£^, 35ii 

I sieuii^frapWr. ut .m.iyn 

1 M€^0|n^|>tli^r. Ml . UX^iiWi 

t ffTfrutigrcfrilH^ mu\ t^in-wrttrtv iil 

$^m _ __ . . i.iDLMXtn^ 

■I Rtenci^i|ili4>TV II ml ty|i(?wrll#rifp ait 

ITTi ____ 

Ti irtffiiHKraiilat-rft nnd l^iH'wrSttt^. nt 

aMki ___ sirr, raj 

2 ifi«mjrnirJliuni amt lyiiowHutis an 

_ imuei 

4 tjriwf^TlU^rs, at _.____ It'iixilll 

7 typswrJlerja, ut $.jH> __. 1,238,33 

t tHJbJulniJ derkp ait $™p __ 127. ^ 

1 «t ^ 7tf,33 

1 CDfiaHt^ai^er, ut |3(i^ _ ....__ :ti3t>,iwi 

1 at $2ri,_, ____ Thrift 


BotldlDica a Dll lulmr^ 

1 i»ipralii or ivflkrli, nt __ 1,0^, uu 

3 llaatouaata of nt $7(i___^_.- 1, 

1 wntdimnm ni fOH-.- __ TSO.OO 

24 fj rt tcktiien* n t ¥60, , 1$, fJSHk 00 

4 WHtdwiLH* nt ¥50,- --— l,tift4.0p 

1 Bpcdnl watobmeiUp tit ik^ iliiy__ 21,00 

lapcHElnl wfltokfuaiit, at |2 jh'J' ilny.** 14, Oc> 

1 roremnii, at 170, __ DCK},00 

1 worlcoiflo, at 150 —^„p,. 001,6^1 

lahlllwl InbotiT, nt 200,00 

Isklliixil IntwriT nt STafl . HOODOO 

OakllliHl lalwr^ nt rso __ ti51,ft7 

laklUiHl InlHiror, nt ¥45_, -- 30Ckra> 

3«kUliHl lalHO-HKi, at ?4r) --- 541,00 

Oakmotl latjaruTB, nt ¥3lX_.,. -- Ip 077,50 

n altilkHj Inlmrerni at ---- 40&, un 

^akllliHl liilxjrora. nt $1^A^ |ji«r 512,50 

1 i^laitatOLd laborer, at futi. - 120,00 

^eltiHalOcO talKFrem at $47 ___ iiiS,00 

t InbiJrar, nt |47 -- 504, on 

to labornm at 140 - 7,405,32 

3lJib0riTH at 135. - ilO,S3 

4 faborerjk ut ¥1J5« jut day -- 111*00 

2 UbQnem nt fl iier da^— - --- 4S, 00 





























HEPtJHT OF THE COMMITTEE. 


XLlir 


ttv roiuponsnilon^—r4mUnTiml, 


Burning ttfid lulHiT— 

!* nt fas - . 

1 littL-nilnn^ tiX f-l<l ~~ Stl. tST 

1 ul ----—-- 

IqttLHidJiiktp ttt fl^u ihT 12S 

Ht $lJ5o iK»r dny -- ai-W 


ri4tl. 48 


Total igilflriw or <*omi>oiiwfcriim.,- .. Til3.tK^K?|8 

DruwliiiP* iiiiil lllliwifriHSiPiis_.___ . . . I,rprp6.lli;i 

Frelshi nud niriuj?*'*. - _ - - . — .^ - l.CJlikl:! 

Bpii'lnl tin*rYlcw__ .--- 1,J>4U-8J 

KjPwlliH'iiN ----- - :l»34ti,3ST 

^mtMiwry ^ - —- 

Eii|piiH«A --- 

- I’ASiiOSI 



Tdtiil -.^_— -- — $Vid,lUO, IP 

EuJaww JpJ5^ 1. Wrr. ------- ^ 

frkhkrvatio^ of cniJ-KrrioNS, n vi ionai* mm. 

Itiiiactrf JnJy 1. Mnm, tij* binl rriKirt^ --- ——— 0i> 

Ky ill visp^'^liiT X«h -- 

4,in8.7P 

lURniWJiucxTfi. 

Drnwln^ HPii llluptrstlcinn. - — ^ 

Frelplit aotl atriuKi* ——--- - 1^73.34 

EpeoJal in?rflcf>s-.-_, ----—-- 13Cti4l 

ep«:iiiK?ot — mri7 

Slatloin'iy , — —- - . — --— 327* !I8 

gDpplIi-tt ----——-- 

TmvtfUiji; expenw^.. ------— ^ 

Total ill Bbi« racinfnkt ---— . ■ ^ ^ 

BfllHnw July Ip --- !p02SvlJ^ 

FaKftEftVATION OF tX^LI-ECTIOKiJ, ^AXtOSXh AfUKKl'^l^ 100?^ 
imTrjPTEi* 

BfllaiH?c^ July 1 , IfMKl, ]|^ IK*r foport — - --— 

Cloncral eJCjHiiuMfli; 

FTt%lil —------- 

S|K-eiiiaoii4 __——---—- jt> 

Toinl (i;»tlinriwiiir»ilB- --- ---- -3*1-41 

Ilulnor.^ ----- 

BulaDCO curriiHl. lilldor pnodsloim of Kovl#ied Ruituti^ ftecdon Sb'ail. by tllr 
TreflHury DofriiirtiiiL^Dt to tbo credit of the aui-pEiia Jupi? 30. 10OT* 

































XLIV 


IIEPOST OF THE EXFjnmVF COIUMITTEE, 


IKlOKi), ^rKVTll^^^Mi :iltlH£FH. Ifl07. 

Appmprlaiion hj Conjrtw ffit iM fl^enl yenr 4>uiEii|; Jtioe 3C^ 1&&7. 
*• Kof ot lionkH. |^iiit)hl€ts« und |>&rl4MjU-aiJ^ for refertHtt* 


in Uie NuliLiitttl (i^iiiulry pItII aei, __ 

D|«atrBii|c4IC.VTK. 

IiiioKiii iiarnplUpK rtrwl (Hn-lodlaiJs^ ___ fgjS.ao 

li4)t£kllCi^ July I. 1!WT ....... U^l.Tiil 

lWMiKS,^ATil'iNAL llMift. 

WXrElTTfi. 

BniiiTicH* Jiib’ Ip IfiCijp UK |HT hiHl __ __^_____ 

oisnrRKir:.iiic»TH. 

ftfuik^p fvinipliIrlRp nml rwrlndLpnlri__ _ _____ _ UTtt. i;^ 

BKinin^^ iiUy j, --- m.m 

ftOOKS, XATIDNME 3il1 KRFH. IIhV*. 

M¥J:KlVth. 

BtiJnntf- July I, liKiflp iik \»t Jnsi rfiuirt.. _ ___ _ |i^. ^ 

nisnuiAcyKNtJ^ 

BfKiik]^ nml [K^floillc^nlK _______________ na.ri^ 

BnlnntH^ _________ ,_ ikT4 


Buluiup turrli'tl. nmlpr iirovlH^nnA ^ 1 lf llmimi ^lutnifi^R, by tbe 

Trwjirary I>Pi»rniymt in tUn i-n-ait uf ihi' PfiirpliiA fiiiiii, Iiiiii^;ic>, isXf*. 

npiuJiNu EErAi^e. natiokai. ituiT. 

KU^lVT^. 

ApjirniirkitLirm Iiy f'cmpipw for tlio (tBcuil ypfir f-uilliig Ji|iii*£|ik IDOT, 

‘"For to bnlhllnjTR. ftlinlWp ntiil pLiPdflp Xutlrjiuil Mus^’niu, lip 

PliTdlQ^ lib ii«'»:Bsiry labor imH tnnUTfnl** fpiiiicliry i:M\ nrl, Jiinr 
nil, Ttirilt) - ______ - - I^IG.OCIQ.OO 

1 at __ 

1 fiirPTiifln, ]il ___ 

1 cflrrientf>rp nl ...-_ m>>m 

2 twlnlrrs, fit _____ _1-J2,ri0 

2 tlcLiii^^r^p u t f 70 ---- - tKl 

t clARStlfled Jnharor, ol |On ----- OCK>.OD 

t hIiIIUhI Inliun-r, nt find _,___ iTfO.Oft 

t HkllliRl Ittbon-r, ut (1.75 |^r dny_^ 

1 alcllEiMl at $t/iO li^r daj^ _ __ t||[2,no 

1 laboirr, nt --- - rj40.Ci0 

f* tfllicHTix nt d/iO per ilny— __ _ 2#50. 50 

Toliil bslUiHift or taiiip0iEatlcac]i_^<^0Sb.46 
























BEPOJit OF the KiECUTIVE COMMITTEE, 


XLV 


Gcncntl 

Ckith.™^,_ 

l''trvpi*o<>r blcH^ brtekH- ^- M 

Glass -— - «a»tt 

llanlivatv nnd IipmIji - ]fi!>,S 7 

LtUulKJT ____—- IMi. SO 

Pnints, olla, srit -43 

Flunibln^ iDAtprial--- 27 , LIT 

l'ltiiftnrtTii{__ ___—- lUIlv (Ju 

lte|iulrs to nwfH U*}- iinutmi^O- {)0 

ntui I I 4 c 1 ilf rSr otCw -, -, - 30 - IJO 

Sjk«ctaE e«'rvli?t's__—-- 2-00 

- S -^^7 


Total OlbbnmwnhtK___^_______. 


Bubuii^ J my L 1 m* ___- --— 04 


ILEFAtHS. XATIUXMp MtJdEUSI, lIKHI. 


BKjdttllTN. 


BuIuiiLi? July 1, lOOit, Hit |ier 3ftHi n^iwtri_|4, 

tUBnUliKMENTB. 

JliAnlwiire^ ate_ ¥0.70 

lJm«. 8a]id. etc--- —80 

ralots* olbu ell---—--—^— -- la.iiO 

i{vi»alni 10 iXKifB {Uy iMutruaU--—--- 4,iiiJG.oii 

Total clb^burm'iiiviitH__ _ ________I.lS87-rid! 

BiUmict jui>' Ip ipoT---- mes 

BUILDING HE PA IBS, NATIONAL MO^Kl'M. ItHfl. 


RKCKirrs. 

Halmiaa Jw]y t, lOOfJ, uB |wr lafrt rOjjoTt_______ ^tOT.fiO 

turtia- 

Bulniiw^.____ i; 07 .TO 

Biilano' nirrlwlp tioikT ptovifsiotis* of tlio ItovtHi^il NtuiiOi^p seatlim mn, by ibc 

Treasury GaiTartmeiit to the cnKlIt of tbe sori^iia fundi June 30, 1007- 

l^TAGli NATIONAL MI-SiKl’M, HJOTi 


terEnm, 

ApOToprifliion by rcmjnww for thr fiscal yenr atiillne June LW), lb 07 . 

** For jiostEip? utatupfei and forel4pi poslal for Uie ^^uttounl 

Mtiseulu(stJQdry dvil net Jolp 30 , 1000 )^____—# 500 ji 0 

DianUUJULUKNTt*. 


For postage Btumps uud rardB_ 


___ TifRl.Oil 

























BEPOHT OF THE EltEOtl^TIVE OOMACJTTEE. 


tiEST OF WORKAUOP^. NATIONAL OTTSEUM, HMH. 

KEC!Ein^ 

Approprljiti™ bjr Cv>npri?«5 for the- Pfscfil yoar andins Jtme 
** For rent of nod temiwimry PtomicK qiinrter^ for tlM^ 

NflOonnl Mnn'orn " (fFttoUtT olrll net ^50. ^ -- tifm. 

niftniFsnEMir^m 

Hont of workfdioiia t 

4ai Ninth Htmd mnthweBt. 12 iinmtliw, nr 

21 i Seventh HtrCet 12 months, nt 1105-.^. 

:.uXi end Tenth street iii>iitlniirwt, 12 nmntlWt at 


DI& Vlpflltilfl nveDoe fFear), 12 iDotiths+ nt _ ;SlSi>.4Ki 

Total dM>wm'mepts —- -----— 4, nia. if2 

EulJiiii.v July ], 1W>7„_„._^__ ---- 


JIENT OF erOItKSntlf^ NATIONAr. MUnFfli^, ll(M>a, 
itiimi-Tw, 

Btlftnee July tflfi IdPi rp^w^ri 
DliOiurwnientH^ notte^ 

Balanee Jiilj' 1. llHIl— __— 

WENT OF WORK^riOI'H, SA-TJUNAh lOtln, 

ii^aziirem 

Bnlnnee July m liiwt rtfu^rL — -— -- lit, UW 

PTRhtirwenieiiliv mine. 

ftilflnof* . ......——___ 

Balance i^ntrlevl. iihOnr prnvit^fnfm of Iti-tfpeil Stntnti^, ^rtlon TkUO, l\v the 

Tredoniry DeinSt’rtnedt to the credit of tJie enirtUiw riimf, .Tune 1:007. 

KAHONAh TEAh'SFOttTATtON OF E.XtJIBIT» ACQUIDED FltDM THE 

LOtriSIANA EtUCtiAUE EXl^SITTON. 

RKt'Kimi. 

Kiilfitiee Jtily T. TOTne, hk jier Inwt retiorl_:_ 

Dlsbtireementss nm^r 

Bnlnuce -- - --- - 

tUlnniNj t-arrieik unib-r provIstnhA of Revised Stntutes* section 3001^ l>y tlw^ 
Trenmiry Depnrtment to tire credit of the stirplu» furnl* Mitrch 3, IWT, 

FBINTINO AND DlNDlNO. 1007. 

RECEIPm, 

ApproprlAtlon hy Courtw for the AfcuI year cudLu^ June lOOi; 

For the ^Ithffoninn ItmtltutloD, for printing end binding the 
nannal reports of the Boanl of ^ttti i^eml append Ixcs, 

^O.OOD; under the Sfnltlisotilsti Instltutluu, for theniinnnl reports 
of the XMtlouAl MusomUr with ^nenil Appendixes^ and for the 
Annual Report of the American Htstorical Assoelatlon, and for 
prlntiitg laMe and hlaolcs^ snd for the Bu1Jetli;kAand £*meedlngsof 


_ ._ ____ lO.fiB 

_ —__ ,tiS 












BEPOBT OP THE EXECCTlVE COMMITTEE- 


^VIl 


llitf Xiltloiiiil Maa^un?, th« ot wlileli aluill Hut u^ceod 

copter, uDd biodlDj;, Id Iwlf tur&fly or mntorlat not more l■^p®DB3Te, 
tictmdile hcK>l[£ nTi4 pn^sentM to nnd hy tbc 

Natloiuil 3IilKehlD Uhmry^ |t:H),000; for llli* annual r&rHJrte anil 
boIlEMina tbr Buimmii of Amerli:nn Etbfiolta^lT^ $21 In it\U 
^riO,nix>" {sumlry cirll nnt --- 

oiHiEirjisfLyr.sTa. 

Reijortw of tbo IMunl of ttPg4fnlB— —.—^— ?.^127. BS 

ttojportii ODtl BdlJotliifi of thn Burniu i>f Aim^rb.'nri 

EriiiioiosT - - — in. sai* 7is 

National Miiisoiim: 

Ilcporlst tlMlfii and 1JKML-. ---- ^^.72 

Btil]£*1]nB — -- ■ - ■ ■ — r . -—- Tfi. 1 ^ Il3 

PPDciN:*dSniE« ------ 

UlscolliinroOrt t»1auka --— S8 

Mieeellflmptjw blnillu}; - - I. uni. 3a 

Bmndt PrltiUiitf OfBet..-. ---, - i^Sl-OK 

National IlerbraTlum. ___——- o, 

konart Aniprlnin fJljiinficnl AA^oi'^lailoii. 

- Et$,im47 


Total dTsbiiri^moiitL^. . —--- 

Balanca Julj-ifKiT .— 

NATIOJtii^k 7^UlfJr<*Ah rAHE. JOoT, 

AppmprFftdon hy Avnfrrw for Ihr* nanil Jnm* 1007+ 

“ For ooiidnullHr llu' cisiuitifiictlon of irofiilfs ^ullm, brkJ}Ci'ic. wntfr 
iruiiply^ ^^u'eniiriN and dtiilna^; unit for jilantlu^ ami 

otbwvi'isW' improrin^ tin* (grounds; iTiN'tin^ imd ruiwilring build' 
\n^ iMul IrteEoffliPCfl : iMirp+ EnibsiKtoniHN piirclui^+ atul itanBirtina' 
ttiiu fif Eiiiliiuilai liieluclinF i<r iHuii[>^^EiPaittun of all 

imrjr ^•Iu|?UpyL‘OJ^^, ibu purvbasv of n^s'iia^siirj^ Iwioks uiliI 
tlio priiiitilufi ntitl publliibJaf; of oin>mtlo|sa* tiot ^^^iwdlua 
wpirtt, and ipeuvral Isfitrldentai £?5peiifiea nul oiborwlyo iurtn'lded for* 
lucJiifllna piirtiuir«\ iiialiiliMmun% nuil drivlopf of lionfoa aiul 
¥alik*!i^ rdpiln.*!! fuf ofticlfll ^irhj>Xt "■ ibtttnclr^ civil act, 

June m - ---- 


iiiisni;iJarKWHSTrt. 

Rnlarli^ or iiPiuT»uii^lioii; 

. 1 Kuporliitnuilenk fit $27ti ioinitli__.^ 00 


I aBsiHtnni Biiiwrlntfudnoti at iltkkHH r^r 

ttiontli _______ 

■1 clork* lit $t*J7¥ |hi*r 1,ul2.a> 

t Herk- ni fl25 per lucimtli^ --- l,IKJ0.O0 

1 StnnogTiiphorH at |K'r Dtaiitii^ _ tRiO.llH 

I at $00, and im i!opj lFrt.tti $iBi 

per inoatll __ . B70,iJO 

1 mrisia-ajft'r at 130 fwr roantli __ 71.0** 

I mai^aigef boy, at $30 |wr iiiontti - m€U 


$Ti>.<i00.00 


tm, *MiK 2^ 
a>05a7i,> 


$fi5,OOOLK!ill 


















3tv 111 


EEPOKT OF THE ESECHTIVE OOMaHTTEl. 


Baliirieit or cDmiMiSitiiiii—i-V>iiHiiu«iL 

t memiiiter nt fI per -— <X> 

1 b«itl keoiier, at jior l.riOttpiK) 

11 koepem at fOS pet motilJi- - - 

2 liwipetH^ at per 

2 keopcna, Ht |S10 per montti- -—-——. 1,4^00 

1 irtwrebeepfr, at |T»^r tiioulb.. —^- TJ^JJO 

1 wnu^eaut Qf pt $flO |ier fiHH^tli. T3.K <)0 

t watchiimn. at fac per .... - - tKl 

AwatthmeEip at ¥<^1 per lu+aith - 2»1G0.tKt 

1 at |Wr iuiliitli4 UIS^I 

tAiitcboianp at ^50 pet nionltl-^ -- 

1 att^aiiiaut at I^XiO ftor mfflitli - 

1 atteudaut, at ceoltf jwrr ilaj. -- 14 


TflitaS salarloR or cotnjrt'itwiilEUi,-^^ — . 

Ocppral extiennes? 

BoUdbiipt -- -— 

CulkPatr mnterlrtl --- 

Kiaidnpa tusp nmterlaL = - 

FiicnI for ttalujaJPv - 

FrotitUt -- - -- 

Ktiel , ■ --——--- ” - - 

LlKhtiajt „ --—--- 

Lumber ^^ ^^-- - —- 


atntrliiiier?-. - 

MlaeaJlnni'ati-4. . —,---- 

l^liili^ alia, itluHN. utn - 

Iflepbone. atiil t^^kvrMpb - 


Purdiaat af unitFmtH.^,- 

[kmil material anil i^nidlag-— 
Ktutkaa'f^* tuMikn. etn-— ^— 
Trav^^l and field eaE|jehBe#—. 

Tm=^^ jdantev etr.—--— 

Water auppl^r* seiteniKEi ele^- 


im. 3d 


l,3d24WiI 
LJISlKIfi 
IHMI. 4fi 
12.M2.-m 
?t7tb -i2 
41^.43 
2^{& 
1. llil. IM 

1, :m. lit 
dLk V£ 
21S+. rio 
:u t i2l. 41) 
4 

IMtlS. 74 

2(3«.44 

:m. 7t< 


Tola I mlscerin neoun... ---— 2T» SltV 32 

WatETfi of picelMnli'a anil IrtlwiH'ric ami bin." 

4if teAtiiH ta miiatTUCtln^ bidtdliil^ ami Lu- 
elimnt*H« luyltiK iViikt jillK^si liulldlise nniiia, 

ISiilPta, and wiilkH. pkntlu^ trww, and 
otberwljse Imiirtiviujif the jeroiiiiijas 


1 roacldiilwtH Jit $IW iH-r tiiuiilli-—42004 lM> 

1 ffln.*fiiii!i> nt ¥Tri [ler tDQlitU..- .. ttiXt.UfJ 

1 blpckmtiltln nt |3 jier dny ami 

niontJi . ........ im tid 

1 a^lalant hlarkKnitth, at #dn 

month_ ......__ - ... 720,Od 

1 tinner^ flt f3did per day... ........ . ITS, BO 

1 enrpeuten at *SS |a^r IjViO.Od 

1 eHrpentetp per dtiy - 4d,.'jd 

1 pfttBtor, at \m itiiy_ — -- ItQ, 25 

2 eiae^tfliid Jnborera, nt fci5 i^r inmitli__ 

1 elnselfled laborer, nt ftlO Jief wooUl-^^^ Tua tX) 
























nEPOBT OF THE EXECUTIVE COMMl'rTEE* 


XUX 


Wnecs of mcchanicR nnJ ]al>oreffip CoatiDiiiid. 

3 c]asHieLi]0 Inbur^i^ nt iter 

1 eltLBsLUod Liilxiror, at fl-TG [kf iliij---— (13Li^ 

4 likSUed liibororK. lit fl.TJi |h-p cloy„.._ 2fi0.m> 

1 workELtau^ at |!tHj la-r uitmUi,. ., = _.__ T$0, W> 

2 tfllx»iTr», nt ^TiT# la^r 1+307,1^ 

I laborer^ iit $4!J iNfr luuiitb __ filtlpUl 

] JubanT, at itor luouUi _ 44^1.00 

1 kiltomt nt ^2-25 per dity___ ____ 1*1, 

2 l!itH»n>rd« at ¥2 |ier day _ Jp-JOOlUU 

3 laliojrf^ftHp at |2 {mr day_ _ 2plNOw LlO 

It; ttilwrcn^ at ik?P day __ _.. ti, 442: 03 

33 liiban^ at ivir dny^^ ____ tipliSO, l>3 

1 labunir, at iwr day. 224.3S 

8 tteUivrsHp itt 7^ ccnli* |H?r tiny _ 'dl4.m 

2 water ltoy», at 50 caiita l^er djiy. __ 03.30 

2 wai^iB and ti?aiiiKp at rrT disy^ l+imso 

8 liapaaa attil isirtm at |i,7ii iter 4jiy ^ 35 ^, 4 ^^ 

Tatiil waj^ea of niwJmulL-ss, t4e _ _ #31,274.53 


Tata I d labiin»<iuaii lw__ _ ^ _ _ ___ ^st(, T4tx i R 


Bjl1uili;a JtiTy 4+ ________ __i^2IEt,S5 

NAtiCJNAI* y/>Or^lUC4b l\KRK. JDIKI. 

IkjLiiiUi' July 1, JiMJtt, aa \m Uuit te\iort _ _ 


aiHIIUA{illuMK.NTa. 

Bulldiueft - - ___, --- - $310.20 

Bulldlii}: luaterLal ______ _ 

raiiclisif, eagp tuatprlal, rhi_ ___ _ _ t2*rp*) 

Food for __ _ . . , _ 

Frt^ljflit a ad InmsiMjrtatiuu »jf aaliualB^. ___ 7*tt24* ‘ld 

--- _ - ------ n 

Liiiaber _ _ _;_ . _ _ _ TiLSM 

Macblnory. twalt*, vte ___^. ^„____ _ IK, 40 

MJmx^I la lUWtiS- ____ lUCi^ I u 

PatatK, olJw+ Klflsjs ate -- . —_ iitX m 

PairtiiiieH teTepbaiH^ and talegraiiJi ______ THIiCi 

Purelink* (jf luUiiiHlit _ . ^ ____ |iir>.23 

JloatL Diatarhil gad EtnctlajC- ____ 43, iSi 

^tatloanry^ taa^kis urfutiD9:% eti'. ___ r^LT'i 

Tr&ea, plants^ Etc ___. _ ______ 3:20 

Water aur>t%. «ewu?mja% eic- .____ 74^72 


Total dLAbnrHeaietita -__ _____ 4«3o(i. 24 

Sll.ft) 

To amauDt of dlEiaMawatii'o In vaueliar ?^o* 145^^ _ __ --. _^ 


Balnaee July J, 1007 .. _---^.p,,. _ _ 312.-^ 

417S0—08—^ 

































L :ftETORT OP TJJH EIKCUTJVE COMMTTTEK, 

NAT*OKAl. 5SOOLOG1CAL PARK. 1WS5. 

July 1* IGOd, AB per lABt report-. - --- 

niatiUBHE«l:,"n'H» 




iSurvpFtnKt plADAt --—^^ — --— lElCtJIrt 

ItAlAiiL'e __^ ------—- 1 . 

lidInuiNir eurrtcclp miller prcivlAlaiitf of Itovlisotl lriEAtutc«, Boctloa by llju 

TrefliiLiry I>G^iflrtiin?ii t to ttie etiaStt of \h^ Hurpliia fuiidH JiJin?^ 


ftECAPTTfSLATION. 


Tbff total amount of fumJsi inJiiilnlBtenHl by liie lusUtbUoii daring tbo year 
endluc Jiino IbOT, upf»arH frarji th* forcij^olng Klat^menta to hneo bwru as 
follmra: 

uiiiriWMAA iKsrrrrtiTfON. 

Ffum balance Jnij- J, 31)0(0 ___—--- ^0. lai. n 

From rwettit* to 3 une 30;i(OT„_^ —_-_ - aC3. )0 

- $S2, WT. 23 


APTBOtTHATTOJO CUMJJITfOtl fiT ttJTfOiaMtW tO IfItK CAHE (JK TIIK lAsmtPTJOSffc 


JutemattoDni Kxelinu^eq — SmUtwontnu Im^tttutton : 

Ftotii bnlniioe of ItKtS. — --— - fO.Od 

JYrkto luilonde of tOOfl-- --- 0Ci«i.s3r. 

Prom for ,--- 28, €00.00 


4itiur]4::Aa Et]ii)o1ogp--SiDltbitf>ntnn [nptltutkou : 

From bn la bee ef llktS -- -- 

Ptnm lHilnii(!o of IfKKt_ ^ _ ___ 02£-28 

Ftrnn n pproprln tIon for tOftl. _^___ _^,. 40[.V»0O+ OO 


AJiljrY>pbyaleAt Obaermtory—Stnltluotiiiiti Inntfiuilon: 

From tialanoc of lltOn __ 22,30 

F'toiu lMlaiu?0 of 3 EHXp_ ___ 2,2-11:1,08 

Proni npptTOjsrlatlon for _____ 14,000^00 


IntornAtloual Catulojcue of Selets title yierritnre — ^inllb- 
Aon Inn Instltutlnn : 

Prom approprlotlau for lbOT___^ _______ rijNnXlMl 

JlMln of CfiMt Qtaude, Arizona ^ — Itmltluonlnn Tnntltntfou^ 

From tipproprlEiUou fnf 3fl0T*^_ ___ _ _ n, 000,00 

Famlture and aitaren—>'at|qnal Mommuh: 

From babinee of IIX^ ___„„ .S€.d8 

From baUnoe of IDOH.. ____ _ 2,bS0,Oi^ 

From npproprktlnn for _____ 20, iiOO, r^i 

--, "lO |b1 

Heating iitld llllitiiiR—Natlouiil Mimetmi- 

From bnlanre of IQQCS^ _____ 

From balnnee of _________ i,3ca7R 

From apprornaUon for UW _ _ ____ 1S,CMJ0. no 


lit* 477,77 


























REPOlcT OF THJi KSECUTTVK 


LI 


l*rLwrvnlt(Mi of c^llcetloiiit—2^[uf«^ijni: 

Fmllt Imlnnt^? of ItMKN . _. = . . --- 

|?Vi>iii twlnnk^ of _ 

From npr>^jprPntkiD for ItlfJ*_ 

N>fes«—Xo t [mm I M o^um : 

Froiii of UiOCi^ _______ 

F'r<itr> hfllnnro of ___ _,_ 

Fn>in npjiropriiitlfln for is^ _^_,, _ 

BitllrlluR i^liallrA—Niil^oiiii! : 

Fr'rtia ftfllfllKV of tDCfl ____ _ 

Fr*iih biiJiitioo of llMXi __^____ 

Vnmk ]i|iprofirlntlfm for IIMIT-^ ___ _ 

—Xfitloiml IjKc^tiixiii ; 

Frohd u|iiiro|K)r1otbiii fur Tn4)T, _ .. __ 

ICoEit of wf>fkiiLn|i»'-Xnl|pomE : 

FriPiJi timbiniL'o of __ ___ 

FroEn Imi Irtii'eG of llKHi__ ^ . _ _ 

Froni nppmprhitlou for tWiT _ _—___ 


Tmii^portiitlou of oxhIbhH 0040 Irk'd froiiL tlio Tj.iiilaticui 4 i 
Piircbnirio Ex|>os 1 tlijn—XodooiiS Xhi«!om: 

From liisiliinix'^ isf ti|i|iroprbitlikiii ___ 

Friiiilne nisd bLudloj; — SmltbfMktilni) lni4ltiilloiis 

Frtkhi apptoiiirlntb^n for IJKrT_ ______ 

Xotlmod y^kiJoKJ<:^l IVirk: 

From bftfnnw" of 10(J5. ___ 

Fnioi iHtlatico of 1S3(1IL. ______ 

From appru^irlntlOEi for __ _ 


1571.30 
-1. 15S, TO 
ufi 

-- . 7m m 


00.27 
TOT. £2 
2, im. ^Xl 

- 2>7O8.04> 

im. 5 0 
4. 71 ^ 1 . 4?^ 

15h OOOh m 

- 1iil*0T 

__ 500.00 

.IkS 
,<J3 
4. rm. iXl 

—-—= 4, KJ 


i, m*33 

—___ 74 000. (JO 

lut.34 
-|,S12,TO 
SB?, iKMXOO 

-— OiK Otsa. 30 


SL-MMAJlT. 


SmltlifH>TkEHEi lafltlhitlon ___ __ _ 

Jiitoniultniicil llschiiti}5cw ________ ___ _ __ 

Atnf?rlca d EtliiiQlOj^y . ___.________ 

Afftropliyfcical OI»vt vo tory _________^ _ 

Intonuitlonnl FalurDimr ipf .SL^Irtilirlc Mti^nitnn- ___ 

Ituln of Cbiifii GnEiiiilo, AHkoiiu _^_____ . 

Ntttioiiiil Ma]«i^iT[u: 

Fiirnltiiirc Jiud ftxfumt- _ __ S±!, 745. t.W 

HhiHiij; imcl I limiting - -----^ 10.477.77 

Pms*‘rvntlrpii of eollectlimpi, __ 114^.730. 00 

Books - 2;m<» 

Biitldlai? reDAlriL„ _ aOilOl.OT 

rtiBiHKt‘ - S00.(K> 

Hmt of work.'ibopo _ 4.5150.16 

TmoKr^rlAHno of oxblbllH iic'^lflri'fl fnnii tin- r^^ulf^i- 

nno PtwlMBc Fx|H:i«ltlfiii ___ __ 1,171.33 


!S> E4T.S23 
20.71X1.01 
laoaiLOPi 
14208. IT 
5,000,00 
liOOO.OO 


l^rlmiDg iiujO 

xXfltfonal Zoiploglmt Park. 


256, iOLO® 
7n,i?XX>.00 
063. :4» 


24440 


003 , 211 x 50 






































T.ll 


OF THIS EXECUTIVE UOMMITTKE, 


JififfleMicnl 0 / r^DTWftfr /n?m $h^ K«?ifj^*cni4on fvf*4 rtrtrf^dWe for Bjrer 

during fhr gfifr mding Jutt^ HH^S. 

Uitlaii(» Jimp :ttX irt07- - -- -- — ^24 h Kifii, D1 

Ictcttnct due atid rceelvaMp Jiil^ 1, H*OT --- 247h Cil 

Intitrest doe ami rwIriitiJe Jiiiiuiut - ft^Tn fill 

Interest West Sbarp Ibillraiil bcuiilR. iJup Juljf 1, IIKIT- 
lutprcwt, WeAt Klioiv Hiil!rcNid ImiiwK duu Jiinimry I, 

ima ..-___- _-_ JMu. iJ*> 

—- D8^:274,r.T 

Tolu I Dinllnldp ftir y^r Jitiiu ;tix 1U0E__ -- 82, 

licspectfully soilnniti^l. 

.L B. liE?fDEnaoNf 
ALKX.VNDEn (tea El AM BkU^ 

Joiix Dalzei.i-, 

Eweetliiee 

’WAEHrNcrroN* D. January J8^ i.WS, 










Am ASD RESOLUTIONS OF t:ONfiRI-:SS RELATIVE TO THE 
SMITHSONIAN INSTITUTION, ETC. 




{1>''Lhx^n]t]ElL rtre^uil 

I Ti ri^) S^AS. I S'HTI’rniTfUN * 

bi/ St^natf and /lame of of the UniUd 

of in Congrcjsa mi^embk'fL 'I'bjil thu Vfti'nnry in tliy 

Uoiin] of Kegoni^ of the Smitliwnimi lo-^titiitiutu of tlit^ duss otUur 
tJijiu of Congrc^. ^]ml\ lx? fiUvd by tin? reiip}Mjijjtiin?iit of 

Gjhi}% II dtiiUOi tif Di'lowtifis whowe Li-riii L^xpirt-d .fnuLOiry 
fntulefcfiidjj oiJitft^o Iiiiiidrrd n^\il seveiv, (ApproveJ Jiiniiiiry " 21 ^ 
imi; Stiittiles, XXXIV, 14la) 

For thn Smithjmnian rnstitiition. for printiug find binding the 
AI III I ltd RepfirtH of the Bourd of Regimts wit It geticnd iip[>endixes* 
ten tlionMind dotlorn;; itntler iUe Smitlo^oniiin In^^tittiUoii, f<jr Ihe 
AiiooleI KeporLs of tlin NiitUniiil Mii^^iittn with iip|nojdixt*s^ 

iind for prill It tig IhLh?!^ imd biunkH, und for the Ikdletin^ und Fro- 
iwtliiig^i of the Xiiiioiml ALu^uin, tin? edition!^ of wliicLi slmll not 
exeiHHl four thon.sniid ropiest, und liinding^ in Jndf turkey or nniteriEil 
not mure exin^tLsive, K^ientiitr IniuL^ iiiid psiinjdilet'^ pr^'t^nttH] to niid 
Eierjiiirei:! by the Nfitioiial Mui^eiiJii Library, ihirty-three thoii.^inul 
(loMnr^; for the Anniml Keporthi and Ihilletins of the Hureaii td 
Aiiiericafi Ethnology^ twenty^iie thousand dollars; for inii4ei?tlii]ieoiis 
prlnUiLg am] binding fur the Interniitional Exeliangi;^ two liiindn^^l 
ilullar?^; tlic Internal Iona I Cutuloguc of Scieotifie Literature, one 
hiiiidrad dollars^ the Xatioiml Zoolcgitral Park, two Imndml ilolhira; 
and the Ast^f:^physiewl <>hi^?rvatory (lodudiiig the publishing of re* 
suits of rt^seandirs, extwitiiig one ilioii^iid five hundred enpii?^), 
two lliiiusarid dolSiir^; amt for the Atiioial RejNiit of the Ainerinm 
Historical AssfKriation, iHieveti thiinsaod dnllarni in alb st^venty-thriH' 
tlioiisand five linndivfl dollars. {Ajjpruved Alnreh 4^ IfiOT; Slntiitest 
XXX 1 \% 13(170 

SMiTJiaoKiAN DtaiM^JT I liiiinARY OF CoNOiiKSs] I For ciisttKliaiit line 
Lhutisand five hundred dollars; assistant^ une Ihonsand four hiiTidre<l 


uit 
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Arrnii KKsuLif'i'iDN'H riF rnjiOBKSft. 


dullAr;; meswnger, seven himdmi iiiul t weniy (JpUarij; messenger boy, 
ttiri'e biiridnd nnd sjxiy dollnrs; in itll, thref! ihnusttml nine Uiinilred 
!ind eighty iloUnrs. (Api>ivvcd Febnuiry iitf, 1007 j ititatiitvs, 
XXXIV, m) 


I^tiillNATIONAL I!XC!tAN(i>:S, 

Kor e?£potiise-s of the system of intemationul exchanges Ix^twecn the 
United States and foreign countries, under the dirGction of ilie Sniith- 
soniiUL Institutiun, Incliuling Halarios or compensation of all tie<;es- 
sary GRiployees, and the purchuso of tifve^Lsary books and periodlLinls, 
tbirty-lwu Ihoiisuiid doUiirs. (Approved Murch 4, iiR>7} SUitutesi, 
XXXIV, 1310.) 

Xaval OBaBJiVAinav! For repairs to buildiugs, fixtures, and fetax«, 
furniture, gas, chemicals, and stationery, freiglit (incindiiig trans* 
mission of public dm-uments throiigb tiie Stnithsonian esclujiigu), 
foreign postage, «nd espressagie, plants, fertilizerM, iind all ooiiliugent 
expenses, two tWusanil five hunilrctl dollars. (Aj)prt}V('ti February 
i!ti. ISJ07; Sltitiititi. XXXI V, tUl.) 

aranAt or A.Miutn^AN nTiisouiov. 

For conlLtiiling ethnological n^eareh™ among the .\merican In¬ 
dians and llie natives of Mawnii, under the direetion of the finiith- 
sottiati ItLslitmluii, inclnding salaries or compensiitioiJ of all tusces- 
sary employees and the purchase of nettawary Imoks and pijriodieaLs, 
forty thnnsand dollars, of which sum not excewiing one thousand live 
liiiinlrtHi dollars may Ik- uaed for rent of building. 

For jjrotection of Casa (tmndc liulu. In Pinal County, near Flor- 
entf. Ariiionu, and for excavation on the reservaiinn. tn In- i-xiiendtsi 
under the supervision of the Setirelary of die Smitljsynian Insliln- 
tion, tliftK- thonsarn] dollars, 

(Approved ai arch 4. 1!)07; StaltilCM, XXXJV, 1310.) 

For Aniericiui Ethiiolugi’, Smithsonian Institution, thiity-six dnl- 
Inrs and niuety-nine cents. (.Vppnivwl Mardj 4, 1907; Statutes 
XXXIV, 1403.) 

Afi™»PltVfttfT.SI, iiBtiUBV ATOaV. 

For mainUnanoe of Astrophysical Observatory, under the direction 
of iLe Smitluionian Institution, including saluri(« of I he 

purchase of n^-essary ^joksaiid JiefiodicaLi,appaJtitus,makiiig 
^iiy oba?ritilions In high fllt.ittide.-i, ropairs and alteralious of build, 
iiigs and nilaoellfltieoiis oxiK-naeii, tUIrtia-ii thousand dollai^ (Ap. 
proved Jlurgh 4, lUt/7( Statute, XXXI 1310.) 



acts ANlt Ht’WOM'TiONSi OF 
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rSTiatKA'l'llfJiAIj I’ATAiAHJUK OF MHKSTJFIL; LITEIIATUBK- 

Fof lilt! coopenitiou ot tlie UniteU States in the work uf the Inter- 
nntionpl Catalogue of Scientific Literature, including the ppeparution 
of a cinssifieil index catnlogiie of jVnierican scientific publications for 
iitcor|)oration in the Intenjntlonal Catalogue, tlie expense nf clerk 
hire, ihe purchnso of nocessarj' books and ijoriodicals, and other 
necessary incidental expenses, five thousand dollars, the same to be 
expemlril iimler the direction of the Secretarj’ of ilie Smithsonian 
Iiistitnlioo. (Approved March 4, l!)07; Statutes. XXXI\, 1310.) 

For completing tlie cotiistrtiction of tlie building for the Xational 
Mueciim, and for each and cverj' purpose oonnected with the same, 
one million two huntlrcil and fifty llioiisand dollars: Proifltit'tl, Hiat 
if the snijicrlnteridcnt of hnildings and grounds, Librarj' of Coiign»sji, 
now In chargi.!' of tliu coiisti'uctiun of the new Museum building sind 
the disbursing of all appropriations made for the work, Ix' at any 
time incapacitated to ttontihuo in such charge, the Board of Regents 
of the Smithsonian Institution is hereby empowered to take charge 
of tlx* construction and to disbiii'se approprnilions made for the same. 

For laiscs. furniture, ii.vlnres, iind appliances n'qiiircd for the exhi¬ 
bition and safe-keeping of the coUeclioiis of the Xalioiial ilusciim, in¬ 
cluding Hularies or ctniipeniaiiioii of all neceifi5aiy employees, twentj' 
thousand dollars. 

For expense of heating, lighting, electrical, telegraphic, and tele- 
phonic service for the Saiionnl Museum, eighteen thousand dollars. 

For coiitimiing the preservation, exhibition, and increase of Uic col¬ 
lections fi-oiti the surveying and exploring expeditions of the Govern¬ 
ment. and from other sources, incitiding salaries or coraiKiisation of 
all necessary employees, and all other necessary expenses, one hun¬ 
dred nud ninety thouiianJ dollars, of which sum five thousand five 
hundred dollars may be used for necessary drawings and illustratiods 
for publications of ibe Xationui Museum. 

For purdiasc of books, painphiets, and iwriodicals for reference in 
the Xational Museum, two thousand dollars. 

Fur repairs to buildings, aliop% and ^heds, Xational Museum, m- 
eluding all necessary lalwr and material, fifteen tlioiisand dollars. 

For rent of worksliops and temporary storage quarters for the 
Xational Museum, four thousand five hundred and eighty dollars. 

For ixystage stamps anil foreign pcii$tal cards for the Xatiooflil 
Muiicum, live hundred dollars. 

(Approved March 4, 1907} Statute, XXX.I\, 1311.) 
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Arts Axp nFJsnr.moxfi of rnxnBES^. 


NATION At. SUHII^WJtLAi. I'AllK, 

For continuing ilio conulnii'tion of miilo. wiiiks, bfitlgcs, wntor 
wwonigi! itiitl «imiTi:)gt<; tiiiil for gniding, planting, tind other- 
tvi.sc inipruviiig ilie ^oiimlst creeling mirl rcjiiiiriiig buildings and 
inclofflires; ciirc, subsistence, purdutiie^ and lrnn.sporfBtion of ujiimals; 
including salaries or caiiijMjnsatioii of all noecssary etnployeea, mid 
general iucideiital expenses not otherwise provided for, including pur- 
clia^t maintetixincc. and driving of horses and veliicics ri't|uired for 
official purjioses, nincty-fiTe thousand dollars; one half of whicli sum 
slmll lx‘ paid from the reveriiioH of the tJistriCt of Qiliimbia ami tlic 
ntiier half from the Treasury of the United States. 

For nsconstnirlingand repairing roadways and walks, tifteeii thou¬ 
sand dollars. 

(Approved March 4, 1II07; Statutes, XXXIV, 1311.| 

UAAlUimiWX TFIPCBXTEXXJAlj KSmStTfOX. 


•*••*♦* 

That April twcnly-.sixth, nineteen hundretl and seven, is hereljy 
fixeil as the dale for the opening of said Cvlebratiuit iiiaugiimted 
by the .Vet of Uongress approved MiiirU thinl, iiineietm liuiKlred and 
five, aud that November thirtieth, nineteen huiidrc'd and seven, is 
heneby fi.\cd as the date fur the clositig of the said eelehiaiioii. and 
amd dates shall apply to the piirtk-ifjoiioii of the fljiited States and 
funugii countries in said colehratioii and in said espositiuii, as pro¬ 
vided for by the Acts of C'cmgrea appi-oved Slarch third, nineteen 
hiiridml and five, and June thirtielh, nineteen hundred and six. 
(Approved February % IhOT; Statutes, XXXIV, 


AitEXnSIKNTti TO PKINTlAVn ACT, 

• • • Any Esermive Department, bureau, board, nr independent 

ollitT of the (iovcrnmejit submitting rtiports or ilocumeiiu in n*. 
si»f.n.se to inijuiiu*s from Congress shall submit therewith an csti- 
nraU* of flie prulmhb cost of priiilliig to the usiia! tmiidif'r. Xothinrr 

m (hi-s paragraph relating to c.siimatcs shall apply to reports or 

doeimH^iit-s mA (ifty 

* * * |»ihlicati(in so ordercfl lie an iinmial report or 

s<*ruil ptiblKulion urigjiijUiiig in or prejiarcd hy an Ivsecntiva Der>art' 
meiu, bureau, offitv, commission, or liotiril, it sliall mU la. 5,i 

the documnut or report seric-s of either Mous< of (?ongiT-i hut shal! 
Ik- designated hy title, as hennuafter previdml. fif n\i Department 
rejiorts required by kw to Ik- prints], tli.^ usual niip,l«r K|„dl be 
pruited coiicurrciitly ivjth the deimrtiiiGutuI edition. 


ACTS AXn UESOLTJTTONB 


Lvn 


* • * In tin* luiH]iii|p of i^ni^wiojidi iininliem] i1noiimc*iiLs 
itiid and Depart mental piitiliratinns fumisliiMi for tlL^rilm- 

lion ta Stair mid TiTritcirml lihnirn^ enticlefl hy Inw tci rc<*ivr tlieiiu 
every ]>iih1ic!]ilioii of snflkdent hixe on any one ?iiiiljiect shall hen^iifler 
Ijc bon nil sepaniiely, anil roeeive the title suggested by the subject of 
tbo volmoe; mid the others, if of a general publie dianaeter, shall 
bi^ armiiged in convenient volumes and iKJund in a miinner 
ilirecte^l by the Joint Committee on Printing; and those not of a gen- 
eml public character simll be delivered to the tlejiosjtories in nniknind 
foriiu • • • 

That in tlic printing of any doaimeiit or report, or any publicalton 
authorised by law to W printed, or liemifter mitliorixed to be printed, 
for distribution by Congress, the whole number of copies of which 
nhall not have been ordered within tw'o years from the ebte of the 
original order, the authority to print shall lapse, except as orders for 
snlisequent editions may be approved by tlie. Joint Committee on 
Printing* and then in no inMaitco shall the whole numlx^r exceed the 
iiiixoUt originally aiilhoriwed by law. 

{Approved March 1, lOOT; Statutes^ XXXIVt lOlS, ldl4.) 






REPORT 


SHCRETAkV OF I’HF SMITHSONIAN INSTITliTIOX, 

CHARLES D. WALCOTT 

FOK THE YEAR ENDING JUNE JO* 1907. 


To tho Hoard of Rogento of the Smith%(*man ImtitittUm: 

Genti^rmein : I huve the honar to a report the opor- 

utionii of the Institution duviti^ the yeur endinjv June .^0, l&or, 
including the work placed under its direction bj Congress in the 
IJnitetl States National ^fiiseum, the Bureau of American Edinology, 
the I n tern at i mini Exdiangi^, Uio National Zoological Parkdhe Astm- 
physiral ObHcrvatory, the Rcgiminl Bureau of the Internationa] 
CTatalogiie of Scientihe fatentture. and the ext^vnlions On the Casa 
Grande !Re*«ervalion,. 

Tfi the body of this report there Ul given a general account of tlio 
alTairs of the Institution, while the appendix prewnts a more detailed 
statement by those in <lirect charge of the different branches of the 
work, independentty of this the opcraliona of the Xatioonl Museum 
tind the Bureau of American Ethnology' arc fully treated in separate 
volumes. The seientidc work of the Astrophysical f)bst»rvBtoTyt 
covering its researches for the p^mt ^ve years, will bo dcscribod in 
Volume II of the Annals of the Observatory, 

THE SMITHSONIAN INSTITUTION. 

THB RpSTAUhtSHSIENT. 

By net of Congress approve<i Augtiat. 10, 1946, the Smithsonian 
Institution was created an Eatahlishnient. Its statutory memltera 
are “the President, the Vice-President, the Chief Justice, and the 
heads of the Executive De|Mrtnient-s.** 

A’s organized on June 30. 1007, the establishment i^nsisted Oif the 
following ex oflicio memU'is; 

Thwioork R(MtsRvsr.T, Rreoidntt of the United Siniet. 

CttAKi.Ka \y. Eaiubanks. Vice-President of the United- RUxtee- 
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AH If UAL RRPOltT !*MlTI!S!03flAK tHSTtrUTION, 1007. 


llF,r.VTi,T,F W, (Jtiirf JiUiUttt of thr f 'nUt'd 

EtJjtt: RiMtT, SecTi'tortf of Htaff. 

(liiOHiiF B. OttJfi'FiiViiii, fit'i'tvhirii tif tlit‘ Tt'i'iniitrjft 
WiMjIam M, Tait. of H’rfi*. 

CfiARi.E? iF, ItojfAi'AicirE, AttoriiC^-OeneTol. 

OiUFni; vuii L. Mettcr, Pontjafv^ter^OencraL 
VicTon H. MerrcAi.j’, Secretary of the Noiffj* 

Jaaies R. O ABriKi.n. Secretary of the Ititenor. 

Jambs 1Vii.Soir, Seeretari/ of AyrtcuUnre. 

OacAH S. STJLitiSi Secretary of Cevirnrrce nntl Lahar, 

THE HOARD Or IEKOJ2NTS, 

The Boitnl of Regents consists of the Vioe-Preadfliit and the 
Chief Justice of the United Ststes us ex oQicio fiiembcrs, thns! rfieni* 
Iwrs of the Senate, three tiKajibetw of tlie flousse of Itepi^ntativeB, 
11 ni] six citizens, two of wliom shiill be residents of the city of 
WABhingtoii. nnd the otlier four shull U* inhabitAnts of some Shtte, 
lint jio two of them of the same State/’ 

The following appointuients and rf'appointmonts of Regents were 
tnatle during the yeiii*: By appoinlmenf of the Speaker, r>eceniber i, 
]0Ofi, Representative James R. Mann in [dace of Representative 
R. li. Hitt, dcccasetl; !iy joint re-Solntion of Oongresa approved Janu¬ 
ary 21, llrtlT. the TToti, (Seorge (irgy to siict^sl himself; hy appoint- 
mciit of the ViceJVesjdent on March 4, 1!^07, Senator S, M, CiiUom 
nod Senator A. n. Bacon to siicceeil ihempelves. On Jaiimiry 33, 
1007, the lion. JoJin Dalzetl was elected a tncnibcr of the exceative 
committee to fiU the vacancy ertsatei! by the death of Mr. Hilt. 

It is with deep regret Itiat t have to record tlie death of Repre¬ 
sentative Robert R, Hitt on September 20, IPOfi. Mr. Hitt was a 
meinl«-r of the Board of Repiits on the part of the House of Ren- 
1 ‘cseij la tires for more than Ihirtoen years. 

'ITie inembersldp of the Boanl at the end of the fist>al year was as 
followK: The Hon. Melville IV. Puller. Chief Justice of'tho Unitetl 
Stales. Cliaiicclior; the Hon. Charles W. Pairhanks, Vice-President 
of the United .States; Senator S. M. Ciillom; Senator Henry Cabot 
lAulge; .Senator A. <>. Bacon: Ki'iireseiitaltve John Dalaell; Repre¬ 
sentative James R. Mimn; RepiTescntalive VT. M. Uowsnl; Dr. Jamas 
U. Aiigell, of Micbignn; Ur. Andrew D. White, of Sew York the 
Hon. J. B, Henderson, of B’aHhingtoii. I>. C.: Dr. A. nralmm Hell 
of IVashtiigfoh. D. c,; thf. Jim,. Ridmrd (llney, nf MafsmdiiJiwtts’ 
and the Hon. George Gray, of Delaware. 

At a mceling of the Board of Regents held March ]2, im. the 
following resoinfinn WHS adopted: ’ ’ 

rteeiM Thiit til oddltloa ta tl.e pre^-rilHsI mwttnp tLe foprtn 

WalnesCny la Jananiy. it'anlnr eiertlnr!. of I lie Bonn! ntmll lie liehl the 
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Tuwlay aft^r d^o first AloEulny lu December find on tbe Gth diij of UhtcIi, 
nnEci^ tbnl dnte fnlt-j Qti wlicn ttie follairln^' ^fondEiy sbnU bo 

sntmtltntod. 

Ill uecordiince wiili tliis rfe^lution, the Board met on Deoemljicr 4* 
frujiuiiry 23, 1007^ iind MmucIi 1007. The proceedings of the 
Board at iliese meetings wiN be found in ibs mmual report to 
Congl^. 

(lENHILlL CONSIDERATIOJfS, 

It is nrith a deep senuse pf rtspqnsVbUity tliat I have (Jie 

office of Secretary, and T greatly appreciate the honor et»nferred by 
the Regents in elect!mg me tn the position. Once l^efore, ajs acting 
assistant secretnry, T had admtnistnifive dmrge for neiiHy two yenr^ 
of a most important branch of tlie Institution’s work, the United 
States Katinnal Museum. I liuve been associated with the scientific 
work of the Museum fur almost « quarter of a century, and for many 
ycant have \n^n in close pei'scmid contact with other important 
branches of ilie Institution's activitie^k 

I fully recognize the obligation r&sling upon the mm who holds 
the [Kksitinn which hir=5 Ix^n siicceF«ive1y oecupied by JoE?ejj!i Ileniy^ 
Spencer F. Baird* and Samud I^ Lnnglcy. By a wdse and conserva¬ 
tive policy* miiintoiniiig at mice the independence of the Smitivsonian 
fund and yet freely ('O 0 |>eratirig with the (tovernment in securing aid 
in the development of ils branches, tlie Institution has reiiched a posi¬ 
tion of endnenco far Ijcyoiid wdiat might have bwm expected from the 
companitivcly s^moH endowment which it It has, moreover., 

on nunierou.s oceasion!^ condiictpd in initial stagi^i ficientific work 
that has proven to of great pmctiiml value., and when the experi- 
inentul fitage was pa^^d and their economic utility had been demon¬ 
strated^ the urganizations and results obtained were turned over to the 
Gftveriiiiieid. Tlirougli one or another of its agencies the name 
Smithsoniiin Institution has been brought to the attention of scien- 
ti&c w'orkers in this country and in other land-^i and to tho^ edu¬ 
cated people generally who, though without special Irtiiiiing in 
science, desire to keep ahrt^asl uf Lhe pmgres}? of tlic world. It has 
itbmdoned projects whidi other institutiotLs had undertakeji, on the 
theory tliat there was plenty of work for all to do. and it baa aided 
investigators throiighoiu the United Stales and indeed Su foreign 
lands as heartily as U lias supported the work of its ow n staff. 

In other words, I h^l that I have come to an establishment unselfish 
in itS^ aims and willing Iai help all men hi furtherance of the objects 
for wdiicli it was founded — an institution devoted fully to the progress 
and spread of knowledg^^ in evi-ry licld without limitation to mio 
branch of science or to all sciciiitc^ liut having within Its purview 
the elevation of mankind tiirough the increftse and spread of knowl^ 
edge. The heads? of the Institution dins far have been specialists 
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tralnDd in different bmnehra of knowledge. Ilenry was ft physic^^ 
Bnird a nntnrnUst, Tjnnglcy nn fistronomer and phynidfit^ ^Vhik 
iJiej' were carrying on tlie geneml utTairs nf tire InBlittttion each of 
diesa men pursiicd pnrticnlar inTestigntions. No one of them, hoiv- 
e\'er, alJowcd his judgment to bo biased bv tho limitations of his own 
spccinlty. I hope to follow in the footsteps of these men. In iiddi' 
lion to guiding the affairs of the Institution, I cjfpect to cairy on 
research vvork in geology and paleontology, and to prepare some 
memoirs on these subjects which have occupied u largo part of iiiy 
life, Ptich rcsaarcJi work prtjdiiccfi a greater fymputhy and under¬ 
standing of the special work of others: as in the piLst, it will in no 
wise lend to alter the universal character of the Institution or to 
limit my interest in all departments of resenreh. 

My predecessors luu’e so wisely and bo coonomically administered 
the affairs of the Institution iJmt I have come to a well^equippeci 
establialiineiil with it? tmdition.s and tta policy founded upon right 
piincipies, and they do not appear to be Sfuscoptible of materia! 
improvement, 1 shall, linwcver. through special agcneii;^ created 
from time to time, carefully study tlie workings of the Institution 
and of all of its branches with tho purpose of satisfying myself as 
to esi.sting cntiditinn? and niethtals, and in order to retain a practical 
and high standard nf administration. 

Speaking for the Institution proper, it appears to me that it has 
been dorcloped to the full extent possible under its present endow¬ 
ment, It can not have e^aped the attention of observora that, 
in the sixty years and more in which the Smithsonian Institution 
has existed, few udditions have como to its funds, ’RHuJe money Inui 
been freely given for the enlargement of existing iafititutions of 
learning and research and oven more lina been forthcoming for tho 
establislimcnt of new ones, tho fund nf this IiLstitiition remains at 
about $1,000,000, but h little over douhln what it was at its founda¬ 
tion. The generoiis men and women who have supported stuenoe 
and art in this country have possibly not considered the fact tint 
there is necessarily a waste in the founding of a new organizabon. 
Moreover, a mnch greater amount of good can often be ae^mplbihed 
by financially aiding an existing institution than bv creating n new 
one of the same type. That this Institution haa popularity can not 
be doubted, but it has seamed to suffer from one of its great^ advan¬ 
tages, namely, ite connection with the Government Being a ward 
of the nation, it is thought by the public to be a recipient nf generous 
C-ongTW5sionnl appropriations. thh is in a measure true for 

the hraindiea In charge of tiie Institution, yet no prorision L<t made bv 
Congress for cturyiag on the acUrities of the Institution proper 1 
think this is a very sound condition, but feel that it should be made 
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Mifficieiitly clcfir to all who may I>e intcrf^i-ied r>r hCH^ome iiitetts^cd in 
the Tn-stjtutipn and its Ttork* 

Thm arc nnmemtiy projects actnaUy aw ai ting ity^teiuatic devdop- 
lueiit that tain not properly Hupjjort imm the Government and 

wbi,f:li from tlieir nature might be advaciogBOualy conducted under 
the iduu-go of the Instituiioii; tiiese include, luuotig other^^ the scien¬ 
tific exploration of large areas of Central and South America? the in¬ 
vestigation of various probleuis connected with the deposition of ores; 
iiivc^?ligiitjons in regard to the production of petroleum by urtificial 
means; tlie study upon u large scale of anthrapological and ethno¬ 
logical problems having direct U^ariug on the future American peo¬ 
ple; Hie systematic .study of seismoloj^cul (earthquake) phenomenii. 
Although it may be held that the practical demonstration of these 
problenu^ will be provided for elsewhere, it must be borne in mind 
that few soieDtlfie activities are witliout some ultimato relation to 
practical nlfait^ and that i“esearehes bearing directly upon the activi¬ 
ties of the people and natural productions must be carried on from 
the scientific point of view, 

Tn ortler to further develop, if possible, Hiai partof the Institution‘s 
programme which has to do with the difTiision of knowledge, I have 
tentatively initiated a plan which will greatly enlarge the scojki of 
the Im^titutioti^^H work in thm respect. The carefully selected genera! 
appendix to tlie f^miHisoniun Animal Repoit is the principsil uieiins^ 
aside from the International Exchange Semdee, whereby the Institu¬ 
tion diffuses knowledge. Some 10.000 copies of theso Heports are 
printed, a large majority of which ore placed in public libraries, where 
they are accessible to many readers, while but a siuall proportion mn 
l)e sent to individuiilB* I have accordingly initiated ii plan of having 
prepared* in popular languagCt abstracts of die piiblicatioua of the In¬ 
stitution luid sometimes special articles on the invetitigaticms in prog¬ 
ress by the institutioD* ITiese have l^een distributed to the daily 
neivspapel's, which, in the main, have made use of them. Tn this way 
the material in the Eepoits and other publicatioiL^ of the Ittstltution, 
Hs weU ss the knowledge of ciurent investigations, have been rendered 
accessible to millions of readers. 

Although I assumed the office of Secretary' on the 3l5t of January* 
ISOT, I continued, at the request of the Preddent, the direction of 
affairs of the Gonlogical Survey, with which, however, mj connection 
as Director terminated on April 30* 

In order that my time might be as free ns possible for the affairs 
of the Institution and for research work, I considered the question of 
severing ray relationship with the Carnegie Institution of Washing¬ 
ton, of which I am a member of tho hoard of trustees and of Gic 
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esccutivc committw. After iMiiferriiig, howeiw, with my coU 
leagHP? on that wjnmiittee and with tlje members of the Boiml of 
Regetitis it W03 considered on all hands desirable >md aspcoiluctive of 
hurtnutiioiis and n^fnl cooperation iH'tivGen two kindrod institutions 
that I should retain mv oieinbership of tiie Ixjard of trustees and of 
the cxectitii'e comniittw of the Carnegie InstitutioiL 

Uiiring the year tlie f^mithsoniaii Institution o-ooperated witii and 
received the aid of most of ti;e rrovenimont T>eiJarltTi<mts, tliough I 
may ispceinlly mention llie Doparlnients of State, Agriculture, tii- 
terior, and Commerce and Ijibtw, and the valuable advice and assist¬ 
ance received from the IXtpartment of Justice, Thnaigh its Kx- 
cliange Serviffi, jin piibiications, its collections, mid in many either 
ways, the Institiilioii continnes in relnlioii with most of iJio iinportnul 
scicntitic estahliHhinent'i and universities in lids country and utlicr 
lands, thus aiding tJie progress of science and preventing waste, 
I'Vith the consent of the Kegents T have tendered to tlie Xational 
Academy of Sciences and the Ameriuin ,!l»sociatipn for the Advatice- 
meiit of Science office nceommodalions in the Sijutbsonian bniJditig 
ivhidi have been accepted by the officlak of botli of these important 
national orgnni^jation^ The rnstitiition continucB its cooperation 
w ith the Amencain Historical Association in accordance with tiio 
proxiflioiis of the act incorporating that society. In gemTsl I deem 
It one of the important fnnetiona of tlic Institution that it sfiouhl 
freely plate its administrative machinery and opportunities at the 
service of all the great national learned societies m the hojx) ilmt die 

work of nil of them will be aided and duplication of labor and waste 
of energy' 


ADM IN r 3T Jt ATION. 

Ill the administration of the liirtitutioi, the Sectetan- has the 
valued aid of exiicrienwd ofRcvoi and a well-tniimal staff TJm 
js in the tmniediate charge of Mr, Hichiml liatlihim an 
A^istant fcwrctary of the Institution, a.,d the Exchange Service the 
Librm^, and the Regional Bureau for the In tenia tionai Oit.dogue of 
ScientiHc Literatiiru are under the supervision of Dr. Cvrus -Vdbr 
an Assistant S^tapi. ^Ir. W, H. Holmes is Chief of the Bureau’ 
of .Wican Ethnolog)-, Dr. Frank Baker is Superintendent of 
the Xational Park, «ud Mr. C G. Abliot is Director of 

the Astrophysical Observatory, 

A ^Icm in v^B of conferonoc iMotowi the Soorclofy and IhK, 
olB^ on all Mb,Mia porta,ling lo th, diScreal bmntbii has ton 
matnlainH. Tl.o S,^rot,„., ,, „r<«nli„ oilWr »t ,l„ Board 
RogHila, decnia to «damuai.Uo„ of to paranf Institution luTaii 
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cafe* but fully recognizo-'t the importanoe of the branches siipjwrtetl 
by the Gorenitiient. many of which art inherent in the organic act 
of the Institution, and desires, in cooperation with tlie Board and 
tJie Congrcaa, to administer and develop these important charges of 
the Institution. 

The duties of the Secretary from the date of the death of Mr. 
Langley up to the end of January, 1907, when 1 was appointed to 
that office, were performed with ability and fidelity by Mr, Ridianl 
Hatlibun, an Assistant Secretary of the In^tUtltion, by designation 
of tho Chancellor under authority of the act of Jfiiy 13, 1894, pro¬ 
viding for the appointment of an Acting Secretary. 

It is gratifi’ing to report that tho current business of the Institu¬ 
tion was conducted in a prompt and efficient manner, mid that no 
arrearages in the work of the Government branches under its direc¬ 
tion had to be noted in the quarierl}' statemonts made to the President 
and the annuat statement made to Congrciss in aceordance with law-. 

In view, however, of the recent examination by a commissdoii 
appointed by the President into the business methods of all of the 
Govemment Depnrtments, not including tlio branches under tlje 
charge of Uio Smithsonian Institution, I thought it wise to appoint 
a committee for the purpose of exatnining into the business methods 
of the Institution and its several hranches. with a view to suggesting, 
if found desirable, improvements in the business methods of the 
Institution and its various branches, and in the transaction of busi¬ 
ness between them and the Institution. 

ilr. IT. W. Dorsey, who had been for many years connected with 
the Institution, was on Marah 29 appointed chief clerk. 

Several amendments nffecting the opcniCiDii of the civil-service 
law and rules in their liearing on the ijcrsonnel of the branches of the 
Government sendee under the direction of tlie Sinithsonian Institn- 
tion were promulgated by Exeetitive order during the year. The 
oiilj' change in the rules, however, which affects tlm bfim^ea of the 
Institution specitically is that announced in the Executive order of 
April ly, 1907. This provides that the panigruph in the legLdativc 
act approved June 23.1900 (prohibiting tlie transfer of any employee 
ill the dassihed service from one Executive Department to another 
until the cmployco shall have served for a term of three years in the 
Department from which transfer is desired), may be waived in pro- 
posetl transfers to or from tho Smittisonian Institulion and certain 
independent biireatis or offices of the Govemment, when in the judg¬ 
ment of the Civil Service Commission the interests of the service so 
require. 
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FINANCES. 

The pertnanoiit fund of the Institution and tire sources from which 
it was derived nre tis follows: 

Depo/tiftd fn like Trt!aJ^iiru^ 0 / fAif Siaie$. 

Benn«>st of ]S46*^_____ 

Itci^Idiiiiry legacy of SaiitbsoD, _ 

Dotwlt froin artrLiii^ or Ineome^ _ 

Bftiuest of Jjun^ namllton. _ 

Accumulatod Jotore^t 00 Hamilton fniict 

-^000.00 

Benaeflt of ^Imenti Hnbpt, GO0.OO 

from [iroeecda of ralo of bociln, ieai„____ ISl, 50 D, ffl> 

Gift of Tlsomaii HdlgttliB. 189\- ___ __ __ 200, W 00 

l^nit of resldoary Icgncy of Tbomos G. Hodefilnp, ^OOOlOD 

tN-poflU from BarlngH of liacpine, 19Cl3^__ 2ri,000.00 

Hcaidiiary legncy of Tliotaaa Q. Hoil^liia_____—__ 7+ 019. a» 


Total nmouikt of faiid In tlie Uoltod Staton TreaBtiry___^ &44,aia illl 
Bf the ^mfl/tiopifoTi /nxHluf^on. 

Beglsterwl and guAtnntecd Iwndj of the Wost Sfiore ItallroaEl Com¬ 
pany fpor valao), part of logacy of Thonms G. HcMSEkliifl_,_,^_ 42»€OCtOi& 


Total pommiajacLt fuml^^____ _ _S^Oiara 

The balanee <}{ the residunry legaey of the ]flte Tlioinas G. Hodg¬ 
kins. cselusiva of acciuDnbtcd interest, ijonsisted of United States 
registeretl 4 per cent bonds of the par value .of $7,850 maturing 
July Ij 1007. These bonds were sold by order of the Board of fie- 
genb^j and the giros proceeds aggnpgating $7,!> 18.60 were deposited in 
the Treasury of the United States to the credit of the permanent 
fund. 

Tliflt part of the fund deposited in tlio Treasurv of the Uniti'd 
States bears interest at 6 per cent per annum, under Use provisions of 
the act orgsni::in^ the Institution and an act of Congre?^ approved 
Sfurch 12, la&i. The rate of interest on the West Shore Kaili-oad 
bond:; is 4 per cent per anniim. 

Tlie income of the Institution during the year, amounting to 
$&1,4^M.41, was derived ns follows: Interest on the perrrmnent fund. 
?f)7,900; proceedfi from claims in litigation. $l.ef32.&0; interest of 
Hodgkins residuary fund, $23r>.60, and miswllancous sotirees 
85,016.35} all of which was deposited in tlie Treaaurv of the United* 
States to the credit of the current account of the Ihstilution 

Tl'ith the balance of $10,184.13, on July I, 1006, ^e totoViesourceg 
for tlie fia^l year amounted to $74,628.54. The disbureementa which 
are given in detail in the annual report of the executive committee, 
amounted to $40.0.16.53, leaving a balance of SS4,O02,O1. Of this 
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Jimount $100 iras advanced for work yet incomplete and $!?4jIi3iJ,01 
was on deposit in the Treasury of the United States. > 

The Institution was chiirgeti by Congress with the disittitsement 
of the foJlowing appropriations for the year ending June 30, IDOT: 


latcraatlonfll J^xebanam __ __ _ __ __ 

Atiierlcii n ^thoolo^ ___ _ _ _____. 

Afctropliyslcnl Qbs«n^£itOt>^ ________ 

UoLted StnttdiE NiitKpn»l Mn-Reuiti : 

Fqrnttur^ fitiil nieturcs__ __ ______ 

lle?itlngf mill HirEitlikfr_ __^___ _ 

PrewmitlDU of _________ 

Huo^st__ _______ 

POfltHglJ _ _________^__ 

Itmt ftf worte5ljoiie__^^_^, ___ , _ 

BqtldlTi^ repaint_ ________ 

New banding for Nntloflill Mii»?nni_ ___ __ 

Natlounl ZDalogl^^l Vark _ __ ______ 

iDtemuLlotlal Cntnlct^ie of Sol«nttfle _ 

ProtootJoii niid exeiniiiloii, nji« of Cnaa Grnudo, Arixonii^ _ _ __ 


TotnJ 


m,m 

40.000 

14,000 

20,000 

19.000 

tso.ooo 
2,000 
TiOQ 
1.590 
15,000 
500. 000 
tHi >,000 
5,000 
3.O00 


The estimaUs forwarded to Congress in behalf of the Governnwnt 
hranchiis of the Institution, and the appropriations based tliereon 
for tJie Ihiml year ondLtjg Juno 30, IDOS, are shown in the followinir 
talk: 




I ApEtTBpEiH- 

j tlfrt^. 

InlHnilkiiLiL] .... , 

132, OOd 


Atefriftltv RUlDDl(!flT^--..«... 

W.TO 

I'^ODQ' 

po^uuu 

4*tnjptjiiknl ObHrvAforj,.. . .... .^ - - -,, 

1 10,000' 

1 

NalLuiiJid MuK^Q±4: 



Fixniltnrp wcm\ fljcini^ .. 

i IP. HKl 

aa^oic 

ilchUtjjfiiitwlliiibtlBif .... ,,, 

Ptwmiidii er toSJodfeta..—. .. . .. 

f iwi.iuu 

11^,000 

Bwki .. . .. . . 

BulIrfEiirjr ... , ^ 

2,030 

111,000 

I KrA 

im^ KUJ 

i.m 

JlxMitaf wiirit!^i7iH.......,^,,„ . . .. 

AxUifb,..,........ 

AD[t ntahtoEWUiliiJt........ 

I IP-V 

n,71n 

fKO 

Kew buJliliBjr fnr Ktuwiiei. .. .. ..., 


S^ociJtigiiTn k PuHti 


11 ^¥Vi.WQ 

SittntwU Koatiwlol rnik ...... 

1 &«|nlilB|rAnil wiiJkA .... 

lOOplifiO 

13^000 

i «lCMI 

’IK 1^1 

ftSwIJtDTtuaiiiHt oiT EiCPanOfliliii.....^,,^.. . .. . . . 

&pW 

3,0010 

lift fMf 

1 InlmullciRiLl CUAlcvnn ur fiHrqtiflc U[CTAtm, ..... 

ntnwitton Actl . min or Cbu JLitmo ., 

a^ODQ 
1,000 

T«'*«. -..— 
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EXETLOnATIONS ASD RKSEARCHE?. 
fiTIIDy OF DLDEfl SEOl^R^VTAHV BOO Ka 

During tlie past twenty years I have been studying the older sedi¬ 
mentary rocks of the North Ameritan Cfintineiit from Newfoundland 
to Alnbuma on the eastern side and from southeastern California to 
northern Montana on the wesicm. In the interior* oust of the Uockv 
Mountains, studies were carried on in Textis, South Dakota, ilinne- 
sotji, and Wisconsin. 

Tlircc important sections remained to be e:tnmined—one of the 
IjOAver Catidirian iii western Nevada, one in northern Montana, and 
another of the lower Paleozoic Rocks of the main range of the Rocky 
Mountains in the vicinity of the Canadian Pacific Railroad. 

Tlie latter was selected for wnaminalioii during the field Reason of 
1007, and althougii the work did not begin nnti! after the cloao of the 
AhmI jTar I will here briefly recount some of its results. Early in 
July, a camp outfit was secured at Field, British Columbia, and work 
begun on ilount Stapben, Subsequently sections were studied and 
men-stircd at Castle Mountain, west of Banff, jUberta; at Lake Louise 
south of Laggnn, Alberia, and on Mount Bosworth on the Conti¬ 
nental Divide near Hector, British Columbia. 

Upwards of 30,000 feet of strata were carefully examined and 
measured, and collections of fossils and rocks made fern many loeali- 
tics. It was found that the Cambrian section included over 12,000 
fMt of sandstones, shnlcs, and limestones, and that the three great 
divisions of^ the Cambrian—the Lower, Middle, and Upper— wore 
represented in the secLloji of Bow River series and the Castle Moun¬ 
tain gixjup. Charncteristio fossils were found in each division. 

ALASKAN EXi’EDlTtON. 

In continuation of work already satisfactorily begun, the Secretary 
authorized, in April of the present year, an expwlition for the coi- 
Jection of Liio remains of large extinct vertebrates, particularly mam¬ 
mals, in AJafikn. .^though fragmentary materials have been se¬ 
cured there from time to time by various cxplormg parties and 
milling expeditions, the country Ls still, to a considorable extent a 
virgin field, and the recent great development of die mining industW 
makes the present time particularly favorable for the work proposed 
csp^ally on account of the facifities for transjwrtatron thus renderJ 
available. 

niQ expedition has been placed in charge of Mr. C. W, Gilmore, a 
member of the staff of the National Museum, who will have tlie serv¬ 
ices of a guide trained in the methods of the work to be accomplished 
and thoroughly familiar with the regions to be explored. 
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The resoareh is mi importnnt one and it is hoped by memis of it to 
inqreuse otir knowledge of the extinct funna of die ecmntrif\ and to 
iidiJ vajtinble und intemiing specimens lo the collection of the 

llij.siiilllT* 

rossin FISHES of brazil. 

A modemte grmit was approved for tlie preparation of an illus¬ 
trated arlicte^ to bo prepared in c:ol]aLtK^ration by Dr* David Starr 
Jordan and Dr. J. C. Braiiiier^ on a utitqi^e collection of fossil dslies 
from tlie Barra do Jardin^ a locality near Ccani^ Brazil. 

About ISM a ooUeetion of these fiiJies wa^^ received by Louis 
Agassiz^ and from it he described seven new sjpcciesi, some of which 
have never hecii seen idnee time. Some species from (he same lo¬ 
cality are now in the British Museum, and Stanford University has 
recently received nodules containing specimens of all those heretofore 
described and probably severtil additional ones not l>cfoEt 5 iio(cdi 
Dac(ors Jordan mid Brainier are thus enabled to give Infornmtion 
suppleiiifiiilnry to any heretofore rei^orded in regard to this interest¬ 
ing species of fo^.il fishes. An article describing (ho research will be 
submitted to the InBlitntion for publication wdien completed^ 

ARIZONA METFOniTES. 

Tn April, 1007, ]>r. Georgo Merrill, head cura(or of geology in 
the National Mtiseumi received a limited grant for the purpo^ of ex¬ 
amining the remarkable craterform depression known as Goon Butte^ 
near Canyon Diahloi Arizona, with n view to determining whether it 
was caused by explosive volcanic action, as assumed by some invesd- 
gatorS;, or due to the impact of a mass of meteoric ii^on, as asserted by 
others. In conducting the research a general survey v^^as made of tJie 
amount emd distributioa of meteom irons and associated materials of 
tlie locality. 

Two preliminary papers, one de^ribing a hitherto unrecognized 
(ype of meteoric iron, and the other a pet^uHar forni of luetauiorph- 
iion hi the silioeoua sandstone of (Im Butte, have been submitted und 
publisheil in the Pri>oeeding^ of tlie National Museum ami (be Smith- 
soiHmi IMii^lluncous Collect ions. Tho entire investigation will be 
reportetl on in ileioil after the are collated and arrangerh 

At the conclusion of the work at Coon Butte, Doctor Merrill visited 
the ftJsail forest* near Adamiina, Ariz,* under the iiuthorization of the 
Departaicnl of the Interior, and made collections of the silicidcd 
woods for (he purpose of supplying the numerous applications re¬ 
ceived from sdiools and colleges for such materials. 

OFOMKSV OF TWE AU^S* 

The problem of the structure of the Alps, always a question of 
intense iiiteri^t, haa been the subject of more than usual attention 
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and discussion, especially in Europe^ during ilie kM five years. TIaft 
lople being one of vast importance in general gcologi' alsOj it whs 
deciiled to make it Lbe siibJecL of ^^pecial study during the summer of 
1W)T, and Mr. Bailey Willis, a geologist prepared for the work by 
previous eAperknec and training, was detailed for the purpose, under 
a grant from the Iti.stitutiotL 

It^ is Iiopcd lhai ihis investigstioiu the results of which will hi.*. 
issued in one of the Suiithsonisu publications^ w-il] aid in solving 
que^tiou^ of great importance in general geology% 

HEJ H.nOtiOO ICAl. 1 VKSTlfJ ATIOJ^ S?, 

The grent earth^tmko qI San praneiseo brought prominently to the 
attenciui] of scientific men and establislLinents the iin[x)rtance of 
peismologiciil j^tudy, and when on August IGg 1900^ the earthquake in 
Chile took pliic«T it desimble that a corupetent inve.^tigator 

stmuld be sent to that country to make a siiidy on the spot in ordtu* 
thai; Lhe disturbance in Chile might be compared with tliat in Cali¬ 
fornia, and titilkdd for the furtherance of knowledge of tltis im¬ 
portant subjGcU 

Through fhc coiirtesiiy of the Department of State cable communica¬ 
tion was had with the American minister in Chile, and it was ascer¬ 
tained that the Government of Chile had appointed a eommi^Ion 
consisting of competent astronomers and geologists and that there 
was no need of sending an observer from the Institution, The 
Aitiericiin minister in Chile and Mn Helxir D. Curtiu, of the Jjick 
t)bu?rvalory Station^ at Santiago, kept the Tu-stitution inlomied as 
to the progress of tlie investigation. In general it sseems to be de- 
tmnined that there liad been some de vat ion of the coa^jt of Chile and 
that nil diti other hand there had been found no tnices of a rift :iugh 
as caiusetl the earthquake at San Francisco, Brief abstracts from tjie 
commimicfitions received have- been pubikbed from time to time in 
the Sniithjioiiian Quarterly* 

Meanw'hile tho im[mrtajiiCO of seUmological investigationj both 
naLional and international, has received attention, and plans have Ijoeit 
cohsidered for establishing stations in Lhi^t counlryj but the Tnstitii- 
tion is without funds to further the object^ and attempts to sec Lire 
spcciiil meafi-H or endow^ment for the purpoi^e have as yet not met 
with satisfactory results. 

li\ connection with tiiis subject it should he jnijd that tho frequent 
reports of otjiservations of earthquakes at which reach the H> diM>- 
graphic Offire of the Kavy Department are* through the courtesy of 
tlint Department, regularly transmitted to the Institution and are 
made known to students interested in this subject with the hope that 
nil the data when correlated may prove of advantage in the stoclv of 
these great destructive phenomena. 
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AEBOi>EOMtC BieSCAPCIHS. 

Although the o^sp^riniontfil work in aerodromics liegi.in by Secre¬ 
tary Liingloy h not nt>w being carried on at the Iiistitutionj it can 
not but Ltti gmtifj'ing to note Iho fact that this subject, which was 
placed tipon a solid roundaiioit by the research work of ifr* Ijingkyj 
is more and more engaging the attention of physicists and eitgineersj 
military establLshmeutSj and students ibronghout tlie world, nud that 
the impetus given to it by my predecessor is everywhere recogniEed. 
This Institution has by no means abandoned its interest in the sub¬ 
ject, and the collection of books and pamphlets brought together 
here is niaintained as a separate collection and rendered accesaible to 
Students* 1 have ninda a special grant to Mr^ Cp Slanly, who was 
as530ciated with Mr, Langky in this work, for the completion of a 
memoir bringing ihe experiments up to 1&05, and anolher for tho 
pi'eparation of a bibliography on the subject, w^hicb it is hoped umy 
be useful to stiidehl& 

Dr. Alexander Graham Bell, a Eegent of the Institution, and a 
distinguished student of many natural problems, is engaged upon 
aerodromic experin^ent$ which it h c,vpectcd will prove useful and 
important. He and others have used, it is hoped with profits (he 
material in the collections gathered here. The prominence of the 
Institution in this subject has made the National Museum the natural 
place of deposit fur tho original types of diderent forms of flying 
machines, and there is no doubt but that tho most important types of 
models of the early attempts to solve tlm great subject ^vill be found 
in Ihe eollections here. 

The engine of the large aerodrome w-as displayed in New York at 
the exhibition of the Aero Club in December, 

l^'VE»TiGAT10N3 UNDER THE HODDHINg FUND. 

STUDY OF ATMOSrHBBIC AIR IN IIEM.TION TO MaNIvIND. 

Investigations on subjects of general hygienic interest, such as 
have been promoted ainoe the beginning of the administration of tlio 
Hodgkins fund, continue to receive encouragement. Publications 
are issuotl in this connection, and commmu eat ions addressed to the 
Insiilnlton on subjects which the fund may properly aid, do not fail 
to receive attention. The Hodgkins gold medal, whidi ia bestowed 
for important contributions to our knowledge of the nature and 
properties of utmospheric air, or for practical applications of our 
existing knowledge of them to the wdfaro of mankind^ is a testi- 
moninl not only to the wishes of the founder of tho fund^ but also an 
expression of the interest of the Institution in this regard. 




11 AXSi'Ai. UEPOUT KMiTiiKONtAN INSTITUTION, itwi:. 

Amon^ otiicr topics, the qucstioti of the dTcctiTc vcntilatioD of 
buildings has been given attentiou, and itiitinilvc steps have been 
taken to leant what investigators ere ttmking a serious study of this 
iin|K>rtunt subject, 'HiB vitiation of the exterior uttnosphore in 
dtjsely settled localities is also recognized as a question of great im¬ 
portance to the dwellers in cities, and an effort Is umkirig through the 
pnhlieutiona of tlio Hodgkins fund to disseminate the results of late 
noteworthy investigutiotis in this connection. 

The application of atmospheric air to therapeutics has received 
consideration, and while no research hadng for its object the direct 
use of the atmosphere as a curative agent hos, os yet, been aided, the 
work furthered by tlie fund, excepting that whi^ deals almost ex¬ 
clusively with the mechanics of the atmosphere, is closely related to 
medicine and hygiene. Consequently the reports of investigations 
and experiments prosecuted in widely separated Localities, such os 
London, South Africa, Paris, and the cities of our own country, 
have been followed witli interest, in oommoji with all classes of 
research wliich make broader the way for the pmclicnl utilization of 
our knowledge of the imtuie and properties of atmospheric uii' for 
Uto w'elfarc of mankind. 

anaonttri! ansAsunu or soi‘>m. 

The research of Dr, A. G, Webster, of Clark Oniversity, on the 
absolute measure of sound, which was aided again during the present 
year by ti moderate ^ani from the Hodgkins fund, is reported aa 
ndvancing satisfactorily toivard completion. The instnimentij pre- 
Ijnred es|)ecial]y for use in tbb research are expected 1o prove of 
service in solving tmmy practical questions relating to sound, such, 
for instance, as the testing of sound-proofing materials, or of audible 
ragiiuls. In conducting the investigation many delicate points in the 
theory of such instruments have been settled by actual experiment, 
so that, in eoHws paniculars, the experimental knowledgo is in advance 
of tlie present matliemnticnl theory. 

The nuinuscript describing the methods and results of this research 
will be submitted to the Institution for publication when completed 

PBOPEItTIES OP UATTUn AT VEKT UOW TEMI'EnATUIlESL 

Tlie investigation of the properties of matter at very low tempera- 
tares, involving the use of liquid air, in aid of which a grant was 
approved in llKKi, from the Hodgkins fund of the Institution on 
behalf of Prof, E. L. Nichols, of Cornell University, has been 
steadily progressing. The research is now to enter on a careful study 
of the index of the refraction of gases, and gaseous mixtures and va¬ 
pors, over extreme rouges of pi^^ure of temperature. The effect on the 
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physical properties of carbon of the rt^roorkabk ab^rption of gases 
nt low temperatures h to ba inv&?tigatedf and tiro metJiods of deter- 
tiiinhig the specific heat of gases hare been perfected. The investiga¬ 
tion of the pFoi>erties of matter at the temperature of liquid hydrogen 
will also be eoutinucd and the results recorded. 

sTuny or the vmiii atmositikrp 

The meteorological experiments of Mr. Lawrence Rotdi with 
registering balloons^ conducted from St. Louis as the starting point, 
have been again aided by a grant from the Hodgkins fund. Before 
the dose of J^imibr e^tperiments by Mr* Rotch from the same point 
In IJtOG^ the oxtn.'siiie height of nearly 10 miles was attained^ and a 
temperature of -—7G* F. was once recorded somewhat below 7 niiles^ 

This final series of ascensions aided by the Institution is intended 
to supply data for the season of the year in which observations of 
the upper air have lieretofore lieen the least frequent^ and it is hoped 
that the endeavor to ascertain the annual varintion of temperaiure 
nt great hdghLs in the free air above the American continent 
tlius he niuterially furtherctip 

A sunm^iary of the results of die meteoroiogienl research conducted 
by Mr. S?. P. Fergusson, mentioned in the previous Keporl o.^ having 
been aided by a moderate grant from the Hodgkins fund of the 
Til^tituLion, has been anbmitted^ 

Stations for these esperinienbs were established on tlie summit of 
Mount AVashington, L91G meters above sea level, and at Twnn 
Mountain, 1,500 meters lower and 15 mile^ distant, Louvred shelters 
were built for the proper exj>osiir 0 and protection of tjic bif^truitients 
nt these stations, and the anemometer was erected on the old Tip Top 
House, the highest point on the summit of Mount AVaxhmgtoiL 
Records were made at the stations, as nearly as possible conlinuous, 
of pressure^ ternpcnilure, humidity, and wind velocity, while the 
meteorogriiphs recording the same elements were ausLained by kitCpS 
in the free air for a& long a time as po^iblo during the research. 
Observations of the formation of clouds on the mountain and in the 
free air were al^ made. 

AATiile the apparatus used in this research was the same in principle 
as tliat hfwelofore employed, it Is hoped that certain devices which 
were suggested by the conditions^ and successfully adopted, Tfvill 
prove advantageous in later experiments. The lime available for 
this research was necessarily limited, but the kites on several different 
occasions carried the meteorograph sufficiently high for comparison 
with the records obtained on Mount AVo-shington. On the 0th of 
September the instrument was kept at approximately the same bright 
in the free air and on the summit of Afount Washington for right 
hours between noon and 10 o^dock p. m* 
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In view of the short time, pmcticaUy about three veeka, during 
which the dimudc oonditions rendered it possible to prosecute this 
reseurch, its loaults as reported hy Mr. Fergusson may he considered 
satisfactory'. 

UECHANreS OF THE EARTIl'a ATHOSPHEHE. 

Thera was publi-shed by the Institution bieveral years ago a volume, 
entitled “Mechanics! of the Earth’s Atmosphere,” which consisted 
of translations of articles by vjirious eminent meteorologists. ^Vr- 
raDgements have been made with Prof- Cleveland Abbe, editor of the 
lirst volume, for the preparation of a second volume on the same topic. 

THK 0B0AN9 OF FLUjOT. 

An tidditional gmnt has beeri approved this year on behalf of Df. 
IL von Lcndenfdd, of the UnlviiFsity of Prague, for an investigntion 
of the organs of flight of the best representative flyers of the insect 
Qrdei>^LepidopterRj ITyrfienoptcra, mid Diptera. A deUiilcd ac¬ 
count of this resc*arch will be subiuHted on its ooncliision for publica¬ 
tion by tJiG InHtltntion if dc^ireni 

Previous researches of Doctor von Lcndcnfeld have been described 
in articles prepared under his supervision by Drs. Leo Walter and 
Bruno Muller* Doctor \Valters articlej already published, was 
referj-cd to in the previous reporU The paper by Doctor ilulleF 
on the ttir sacs of tlio pigeon is now in course of publication. 

SiMlTllHOMAX TABhfi AT NAPLES KOOUDGICAL STATION. 

In July, llJOfl* the renewal of the lease of the Smithsonian lablo 
in the Naples Zoological Station for a term of thrii^ years from Janu¬ 
ary It IMTt wfl-s decided on^ and the director so informedH Doctor 
Doriui, with hisj usual ready courteq% at one* notified tlie Institution 
of his wiUiugiiess to arningo for a double occupanc}* by C3rtending 
the time of an appoinlco then conducting an important research at 
Naples, altliGugh the seat had aln^dy been assigned for the period 
ill qu^tion to anolher investigator. 

It is the intention of the Inblitution to interfere in no way with 
tlie regular ossigntnetit of the table, and the desire of the Director 
to ixiEiintiuu tlic internationat character of the station by encouraging 
the action of the various countries in supporting individual tables 
is folly appreciated* Nations widely separated, at least geographic¬ 
ally, meet there on the common ground of interest in science, and 
tlioflj as lui appointee of the Smilhsoninn seat esprossetl in his report 
to the Institution, an inlemational peace congress, the importance of 
which enti not be overestimated, b always in session at tho Naples 
Zoological Station. 
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Several appoitttmentd to the SmitJiBoniaD Uible at Naples tfore 
ratilied for the period between Jitoo 30, 1000, and Jnnft 30, 1907, the 
entire oeciipution of the seat for the yesir being" eleven inoaths^ 
Sin< 3 ; inquiries as to nvaikble dates are fmiuently received a year 
or even two years in advance of the time desired, it may bo weU 
to tt^peiU that in the interest of all applioanta it is not customary 
to approve a nK|uest for the seat more thaw six months in advimce of 
the perjotl desired. 

By c^ftonsion of his appointment, Dr. Stewart Pa ton, of Jo! ms 
Itoplrina University, occupied the Smithsonian seat until tho end 
of June; 1906. lUs work at Naples dealt principally with the prob¬ 
lems hitJicrto unsolved in connection with the nen'ous ^^tem and its 
relations to the action of tho heart. As before noted, tho resnlla of 
ibis interosling, research will be published on completion- 

I’ho occuriiition of the Smitlisonian scat at Naples by Dr. Maynard 
M. Metcalf, formerly of the Woman's College in BaUiinore, and now 
of i Jberlin College, bugow before tho dose of the final tu^ssion of 
Doctor Patoii- Doctor Mdcolf reports that f>u beginning bis tenn 
at the station he oontimied his study of the parasites of frogs prose¬ 
cuted at IViirzbnrg and designed for publication in conwcctiow with 
work done there. 

There being apparently some doubt as to whether or not the advan¬ 
tages of the SniithBonian seat at Naples are available to hitherto 
unknown jnrestigntorfl, it may be well to state again that the applica¬ 
tion of any student, who is miitably recommended to the Institution 
as prepared to undertake original w'orfc in cmbryologicttl, liistoIogicaL 
ur other fields, will not fail to receive prompt coosidemtioa. 

The continued prompt and helpful action of the advisory commit¬ 
tee in reporting on questions relating to appointmentsj etc., is appre¬ 
ciated* I am glad to say that the personnel of the committee ramaina 
the same as menlioned in the report of laftt 

PUBLICATIONS. 

It is mainly through its publications that that vital prindple of 
the Institution, tite djfluaon of knowledge among men,’’ is carried 
nut. Tho Institution proper maintains three regular series of pub- 
lieu I iono, die Swiiihscnian Contributions to Knowledge, the Smith- 
Hiseollawoous Collections, and the Annual Keports, while 
tiiidcr ik auspices are is^^ed the Annual Reports, Proceedings^, and 
Bulletins of llio National Museum, the Reports and Bulletins of the 
Bureau of j\jnerican Ethnology, and the Atinals of tho ^^rophyskal 
Observatory, tho vvhole presenting a fund of information covering 
a mde range of human knowledge in both a specialised and general 
form. 
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Tho Smittusoniiin Contributions to Knowledgei now in their thirty- 
fiftli volume, are restricted to tlie publicfltion of positive additions 
to human knowledge resting on original resenrch^ all unverified specu¬ 
lation being rejected, Ttie Smithiionian Miscellaneous Colleciions 
arc desigiiwi to contain reports on the present state of our knowl¬ 
edge in particular brunches of sciencer instructions for collecting 
and digCisting facta and materials for researcht lists and synopses of 
species of iho organic and inorganic world, reports of explomtions, 
and aids to bibliographical ifivestigaticuiA This series is now in its 
fiftietli volume, and in tlio quarterly isstte prc>viaion has Ixwn made 
for the early publiotion of short papers descriptive of iiew' discov¬ 
eries or containing in formation of current interest in all dcpfirtmanLs 
of science. 

In the Smithsonian Contributions to Knowledgie several imi^ortant 
works nre in press. One of these Ls n memoir on ^'(akeiers of the 
Comidian Itockies and Selkirks/^ by Dr. WilUum IL Sherzer, of tin? 
Michigan State Normal College, which is a final report on the Smith- 
soniuti expedition of 1U04* A preliminary report on tliis exijedition 
wari published in the quarterly of the Smthsoiiiari 

luneoiis Collections in 1905. There is also a work by Prof. E, A, 
Andrews, of JoIiilh Tlopkins University, on ‘^^The young of the cray¬ 
fishes astacus and cambarus,-^ ^ving the miuh^ of long and carefiil 
observation of the growth of these common iiTiimals, 

Prof. Hubert Lynjai:i Clark, of the Museum of Compamtive 
Zoology at Cambridge, Mass.p who has h^ii at w-ork for some time 
classifying and describing die specimens of Apodou.^ Holothurians, or 
sea cucumbers, in the National Musentu^—a collodion numbiTingovcr 

a thous^ind ^pegimon-s from tho shores of North and South Anicrica_ 

has j^ibmittf^d a report enibraoing the result of his study on the fami¬ 
lies Synaptida^^ and Jl^folpadiida.^ whidi will appear some lime during 
the next year. Other memoirs for the series of Contributions are In 
prepai'atiuiu 

The quarterly issue of the Smithsonian Miscellaneous Collectiong, 
which w joi temporarily suspended in 1005, was iwiimed in September, 
IflOtJ, Since then parts 15 aiid 4 of Volnme III, and part I of Volume 
IV, hove been completed. Among the recent papery published in this 
scries is u ^'^T/'tter of l>r. Diego Alviire^ Chancu.'^ dated 149"i, re- 
kthigto the second voyage of Columbus to America, which was tratis^ 
kted and annotated by Dr, Fernandez do ATjarra. Thk letter is 
noLable ns being llie first '"written document of the natural history, 
ethnography, and ethnology of America” 

In tho regular series of Smithsonian Misoetloncoua Collections 
there has been con^pleted a j^eeond paper on the Attainment of verv 
low temperatures ” dealing with the “selbinteiisive process of liquefy^ 
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ing gases.” This paper is a report on researches carried on nnder a 
Hodgkins grant by Dr. Morris W. Travere, of the University College, 
Bristol, England. 

Two other papers are very nearly completed- One ia a '* Report 
on the Crnstat^ea of tUe Xorlh Pacific Exploring Expedition of 
1833-185G,” by the late Dr. William Stimpson. This mnnuscript 
has been in luiiiil since 1872, bnt for various reasons could not here¬ 
tofore Iji! publislied. The whole work was carefnlly gone over by 
Miss ilary J, Rathbun, vViadstant Curator of Marine Invertebrates 
in the Xational Museum, who says in her preface; 

Tht ^ - * jrejwrt I]4i8,be«i:i trmte 4 ns nu bigftorEeal doeuineut, Jind is pub- 
Habcd ButjfltrtiiiJiilly ns 3 t wiis TVTttteri by tbe lititbor, tbo only nddldons 
tbe Teferepce=i to bin pi^lIuiliiaiTr descrlptiniL^. ilJul footnatea giving tlwf 
cumnt or pnx^pti^I cuitiie wboi^ It difftra iTtmi tinted by Dt«Ldor Stlmpeoii. 
It la bopc^l thfit ttl^ vjiUie of tbo dcaerlptlona vs\[\ tbuii (‘ctinponsato for 

tht oaUquEited nomettplotWR! . . . tliene nre very fow tfiuileflt* who bavt? 
not felt the need of more tlffbt oil thoeo nire ^nefii itml Uikiwu only 

from brief Latin dljif^rtoiies. 

Another ptiblication a CAinlogue of Earthquakes on the Pacific 
Coji^st from 180r io IDCKJ/^ compiled bv Mr, Alexander G. MgAdie, as 
a mipplemcnt to the li^rt of earthquakes from to 1800, compiled 
by i>r. E. S, Holden^ and publib»hcd in the Smitlisoniiin iIi™Ilaiieoi:s 
ColIectJomj in 1B9&. 

A now edition of the Smitlisoiiian Meteorological Tnblcs to mwt the 
COD tinned demand for this work is in pres^. The plattai have been 
considerably reused by Prof* Cleveland Abbe to meet present re¬ 
quirements, 

Tho Annual Eeport of the Board of Kegents to Congress, which is 
printed at the Govermuent PrinLitig Oflice^ has been tlie chief mo¬ 
di uni tbroiigli which the Institution ha& Ikmui enabled to disseiujiiato 
^'iejitific information to tho world at large. Besides tho ofheial 
sitTOUiiL of the oi>orsiti<ins of the Institution, this report, has for over 
half a century included a general appendix giving a record of ihe 
jjrogress in ditferent braiich&a of knowIedgCt compiled largely from 
journals in ftiiieign languages and the transactions of scientific and 
learned socieiies throughout the world* The considerable number 
of copies of iliis publication placed by Congress at the disiwsal of 
the Institution has renderetl possible a wide distribution to importani 
libraries and institiilions of learning, but the allotment, is wholly 
insiiilicient to supply more than a small fraction of the individual 
requests, and the popular demand for the %*olunie has so constantly 
increased that tJie entire edition of each ycar’j* report is exhausted 
witliin n few months of its appearance* 

The Institution proper distribtJted during the year a total of 
32^9^1 volumes and separates of Sioithsoniau Contributions to Knowh 
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pflg^. JUsoellaneous Collections^ Annual Hcports, publications not 
incliidct] in tho regular series, and publications not Smithsonian*® 

The Proceedings of the United States National Musenmt the first 
volume of which was issued in 1S7S, are intended as a medium for the 
publication of original papers based on the colleetions of the Museum^ 
setting forth newly acquired facta in biologic antliropoiogj^, and 
geology* or containing descriptions of new forms and revisions of 
limited groups, A volume is issued unnually or oftener for distri¬ 
bution to libraries and scientific establishments, and in view of the 
importance of the more prompt dissemination of new facU a limited 
edition of each paper is printed in pamphlet form in advauoe* Tlie 
dales at which thc^ separate papers are pubUi?hed are recorded in 
the table of contents of the volume* The Bulletin^ publica¬ 

tion of which w as begun in 1875^ compri^i^ n series of more olabomte 
pajiers issued sfeparQtel 3 \ and| like the Proceeding!^ k bjused dtiefly, 
if not wholly, on tlie collections of the Museum, A quarto form of 
the Bulletin^ known as the Special Bulletin/^ baa been adopted In a 
few instances in which a larger size of page was deemed mdbpen- 
sublc. Since liK>2 the volumes of the series known as Contributions 
from the NatLonal HerbariumT^^ and containing papers relating to tbe 
iHftanical collections of the Museum* have been published m tUo 
Bulletin series* 

The Annual Beport of the l^fuseum k printed as a separate volume 
of the report of the Board of Regents to Congress. 

The publications of tlie Bureau of American Ethnology, consisting 
of annual reports and bulletins^ relate to the operations of the Bureau 
in its various branches of exploration and nesearctL Part I of the 
Ibindlxiok of Aiiierienn Indians (A to M) was issued in Miirch and 
the mniJi portion of Port IT is in type. The Twenty-fourth Aiuhiei] 
Report hiL- been published and much progre.-ks made on the Twenty^ 
fif^ Report* Several Bulledns have been issuied. 

The Annual Report of the American lILstorical A^ociatlon for ilio 
3 "car lii05 was transomitted to Congress in Mayu lUOfi* under the re¬ 
quirements of the net of incorporation of tho os^ocintioti, hut only one 
of the two ToIiimi 3 S had lieen completed at the close of the fiscal j-ear. 
The Smitlisoiiiau Institution is by law allowed a numlHir of copies of 
report-^ of this assocmtion, which are distributed m excliunge for the 
publications of various forergn and Americfm historical societies 

There was also forwarded to 0>ngress on Febniiiry 25, 1907, the 
ninth report of tlio National Society of Uic Daughters of the Ameri¬ 
can Revolutiont in nccordsinoe with the act of incorporation of that 
organiKation- 

fl Contrtbulloti« to Knowledge, TTIi: MlBccIlimeoui CollectEona, JO.CioO; Reporla, 
lS,4not pablicntiniw not In regular Rcrlee, 2^890; nubllfstJon# tint Smith^nlan,^ 
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In accordance with the itc-t of Congress approved March 30^ 
providing that the cost of printing and binding for the Executive 
Departments and Government biireauii shall be charged to specific 
appropriations for the Departments ajid bureaus, and the further 
provLdon in the sundrj' civU act of June 30, 1900, that no appropria¬ 
tions except these specifieallj for printing and binding shall l>c used 
for such purpose^ special allotments have been made to the Institution 
and its hranches for the year ending June 30^ lOOS, as follows: 

F^r tbe SmltliwnlAn tiiivUtatlon for prliitta^ and bladtiifr unnnjil rcjiortfi 

of thv Board of with iippendixes-^_____tlO, COG 

Far the lumanL reports of tbe NatlonoJ Mubcuid, wUh nppen^ 

i11xiai« and for prtntlaj; Inbcls oad blanks, and for iho biinatlu? iinil 
proc^iugfi of tbo Kadnual the eilitlE^c^ of wUlt-U shnll not 

exceed 4.000 ccplefi, nnd Klndloi:, !n hflif turkey or mnte-Hal iK»t imore 
expewilTe. mrlentlllcr books a nil pamphleti pn^nted to and acquired 

by tbo Nutionul T^tuseum LSbniiy^^ _*___ a^OOO 

For tbo umiiial report and bulletins of tbo Bureau of AtuerlcaLn Ivtb- 
Dolog3‘------- eit 00© 

Far mlftcelluneoiw prlnUng and binding: 

Intenmttnnal cjfcbwngefl,,_ _ ___- -. = —.. laio 

Intenintlnnnl Cntnlogne of Scleottdc Lltemturo.^ __-_^ tOO 

NaUoDnJ Zooloslcul Pnrk__________ 3CK) 

AiftrupbyRicnJ Obson'atory ( Including the publiHlilug of rcstJltf=i of 

rdRoarcJiefi, not exccediug IJSOO cojilHi) ____iOOO 

Annual report of the AmerIctiJ] IHstorlcuJ Afidoclutlou___ T, {>00 

Total -----Ta^WX) 

Tiie allotments to the Institution and its brunches under the head of 
public printing uml binding during the past fiscal jTur were as far as 
practicahle expended prior to June 30. It was* however, difficult to 
dctenuiiie the actual balances available at any particular date, fur the 
ixiason that the actual cost of publications in press conlcl not be ascer¬ 
tained until their completion. The cstinmtes not being accumio 
enough to serve as a basis for calculation, the transmission uf new 
works was in some cases delayed so long that their completion was 
impracticable before the oppropriatiou had expired* In the case of 
the allotment of $10^000 for the Smithsonian Exports it was thus pos¬ 
sible to expend only $8,127.98; of $21,000 allotted to the Bureau of 
American Ethnology-, $19,831,76 was expended^ and of the $39,000 
allotted for the National Museum and the American Historical Asso¬ 
ciation there was expended $38^980.47, 

ADVISOJIV COSi^tlTTEE OX rEINTlSd A.\0 l^fULtCATrON. 

The adriifoty committee on printing and publication appointed by 
the Acting Secretary on February 7, 1900, in order that the practice 
of th© Institution tn the supervision of its publlcBtions might corre^ 
spond with that of the Esecudvo Departments as pres^cribed in the 
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President's order of January 34, 1006, hold twenty-si^ meeting dtir- 
ing the YCar and reported on oilo hundred find one manuscripte sub* 
mittol for publication, besides numerous blanh forma for use in the 
bureaus of the Institution. 

0r. Leonhard Stejnegor, of the National Museuni, has been added 
to the coinmitlee, which consists of the following meiiibere: Dr. Cyrus 
A.dler. Assistant Secretary, chairman ; Dr, F. TV. True, of the United 
States National Museum; Mr. F, W. Hodge, of the Bureau of Aiiieri- 
can Etlmology; Dr. Frank Baker, of tho National Zoological P^k; 
Mr. C. G. Abbot, of the Aslrophysical Observatory; Mr. W. 1. 
Adams, of the Internstioiml Exchanges; Mr. A. Howard Clark, of 
Uie Smitlisonian Institution, and Dr. Leonhnrd Stejneger, of the 
United States National Museum. 

The printing oonimittee has had under consideration the ndvan* 
tagt! of ft unifortu ^tem of abbreviation of works cited by natural* 
ists in their publications. A preliminary list of abhreviations baa 
been prepared for the criticism of the scientific staff of the Institution 
and its branches. 

Dating of pu6/n?fliion^.— Among the questions conridered by the 
printing committee was the dating of publications, particularly such 
pai)crs as contain descriptionE of new genera or species in natural 
hiatorv, and upon the recommendation of the eo'mmittee the Tnstltu* 
tion has adopted the rule tiiat “ whenever fifty copies of any pajrtt 
shall have been mailed or distributed by messenger, the paper shall 
be regarded ae having been published, it being understo^ that the 
date of such mailing or distribution ehnl! coincide with the date of 
record In the Smithsonian document rooms and with the date printed 
upon the publication.'* 

Durable hook paj)er ,—The introduction of a very large portion of 
wood pulp and ground wood in book paper 1.o the exciurion of cotton 
or linen rags formerly used in itx manufacture has been found greatly 
to decrease the durability of modern publications. Tho printing com¬ 
mittee, after conadering this problem, concluded that paper hereafter 
used in Smithsonian puhlicadona should be composed of not less than 
bO per cent of rng stock and be fi^ from injurious ciiemicaK Defi¬ 
nite specifientions as to tho composition nf paper will later be formu¬ 
lated, in ouoperadoD with tho Executive Departments. 

THK LTltRAH'S:. 

The total nccc.^ons during tho year to the Smithsonian library 
aggregated in volumes and parts iUASS. The major part of 
was placed in the Smithsonian deposit in the Library of Congress, 
hut these accessions include the Uhraries of the Seerctflrj’’» office, the 
National .^luacum, the Astrophysical Observatory, and the National 
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Zoological Park. Tlicio were also numerous additions to the libmxT 
of tlie Bureau of American Etliiiologj', which is separately adininb- 
tered. [t is estimated that the equivalent of 11,000 volumes were 
iraiismitled to the Library of Congress besides public documents and 
other gif us to that Library tniiisniitted through the International 
Exdiange service, and sucii public documente as were presented to 
the Institution and sent direct to the Library. Tato hundred and fifty 
iieAV periodicals Avero added to the receipts nnd some COO defective 
scries Averc partially or entirely filled up. The Avork of the Inter- 
national Catolf^ic has brought a considerable number of authors* 
ficparutc* to the Library. Efforts haA'o been made to increase thn 
scri«i of fiddroRs books in the office of the International Exdianges 
service, The estate of S. P. Langley turned over to the InstituUon 
his scientific library, which has been diAdded up among the various 
divisions, The Gen. Watts de Peyeter library of Xapolcon and otlier 
.'aibjectjs W 03 increased about 2SS volumes. It is with regret that 
I record the death of General do Peyster, who was a Avell-known 
collector and had been for many years a generous donor to the 
Institution. 

The quarters of the library both in the Institution and Museum 
are entirely inadequate, and no relief seems possible until the com¬ 
pletion of tlio new buIEdtng for the National Museum, when It is 
hoped that a large part of the main floor of tile Smithsonian build¬ 
ing can be devoted to library purposes, forming a wntml library for 
the Institution and all its branches, though of course the sectional 
library system will bo continued as heretofore. 

PHKSBRVATIOX OF ABCHEOLOOICAL SIXER, 

The Institution has for mony years taken a deep intereat in pre¬ 
serving tircheologicitl objects on the public domain from vandals and 
relic hunters and making them accessible under proper regulations 
to scientifle institutions and colleges. A law covering this subject 
was approved on June S, 1906. Under the terms of this act nnlform 
rcgidations for its administration Avere to lie. prepared by the Secre¬ 
taries of the Interior, War, and .\griculturii. -It the request of the 
E>cpBrtments, the Institution participated in several conferences of 
representatives of the three Departments looking to the preparation 
of such rules, Avhich were promulgated on December SB, 1906, A 
little later some diss&tLsfaction was expressed with these negulationa 
by archeologists, and at their request I invited the three Departments 
to reconsider the regulations, jtccordingly, further conferences Avete 
held by representatives of the Departments, of the Institution, and of 
the .iVreheological Institute of America, resulting in the understand- 
417S0—os-et 
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ing that the present regulations should have n reasonable trial before 
any amendment be considered. The regulations are as follows: 

inCirOI[31 RIIL>IS AKU IlKGin^ATIOXa rHESCaiBED nV the SECEtETABLES OF 

Tiit: ixTCaioHj, AcaictjLTtrJiE, a^td war to CAUav oi:jt the pitoviaioxs 

OF THE *^ACrr FOR TUK PfiESERVATlON OF ANTIQUITIES,^ 

AFFROViTi JUNE 13 (Xj (S4 STAT. L., 325.) 

1, durl^iliclion over niins^ archeological sites, historic and pre¬ 
historic mono menta and stnictui’ea, objects of ftntic]nity. historic 
landmarks, and other objects of historic or scientilic interest, shall be 
exercLied under the act by the tx^pctiii^e Deportments aa follows: 

By the Secretary of Agricnlture over lands within the exteiior 
limits of forest rcserveSj by the Secretary of War over hinds within 
tliE^ exterior limits of inilitaTy reservatjoroi, by the Secretary of the 
Interior over all other lands owned or controlled by the Government 
of tJje United xSlates^ provided the Secretaries of War and Agri¬ 
culture may by ligrecincnt cooperate with the S^ji^tary of the In¬ 
terior in the supervision of such monuments and objects covered by 
the act of June I POO, m nmy be located on lands near or adjacent to 
forest reserves ami military reset vatioi:^, respEctivety. 

2. No permit for the reinovid of any ancient monument or struc¬ 
ture which can be pcrmaiienlly [^reserved under the conlrnl of the 
United States h* and remain an object of mterest, idiall be 
granted. 

5. I^^rmits for the examination of ruins, the excavation of archeo- 
logical sites, and the gathering of objects of antiquity w ill be mntedj 
by the respective Sccretaritsliaving jurisdiction, to reputable 
nms, uuiversdtjes, colleges, nr other reco^ized scientific or educa- 
iionul institutions, or to their duly anlliorized agents. 

4, No csdiisive permits shall be granted for a lar^r urea than 
the Einplkant cun reasonably Ije expected to explore fulh- and system- 
aticiillv witliin the Lime limit named in the penniL 

Tk TJacii application for a permit should be file<l with the Secretary 
having jurisdiction, and must be accompanied by a detinitc outline of 
the proposed work, indicating the name of the institution making 
I lie request, the date proposed for beginning the field work, the 
length of time proposed to be devoted to it, and the pet^n who will 
have immediate ciiarge of the work. The application must abo con¬ 
tain an e.xai:t statement of the character of the work, whether ex¬ 
amination, excavation, or gathering, and the pubUe museum in which 
the ctillections made under the permit are to bo pcnnanently pre¬ 
served. The application must l>e uocompanied by a sketch plan or 
dr^:riptiori of tlie particular site or area to bo examined, excavatcfl, 
or z 3 i>jirelied, so definite that it can be located on the map with reason- 
able nccuracy. 

6. No permit will be granted for a period of more than three vears, 
but if the work ha.^ Iicen diligently prosecuted under the permit, the 
time may b« exteudad for proper caUBo upon application, 

7. Fafluro to Ix^^n work tinder a permit witum six months after it 
is grunted, or fuiiiiire to diligently prosecute such work afW it has 
l>ern begun, shall make the permU void without any order or pro¬ 
ceed iugby the Socretaiw having jurisdiction. 
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8. AppUcations for permits jiliall be referred lo the SmithsoniaTi 
Institution for recommendalion- 

9. Every permit shall be in writing and copies ?hnll 1x^ trans¬ 
mit tetl lo the SmilLsdiiian Institution and tlie field oiheer in oliarge 
of the land involved. The permittee w^ill be furriished a copy 
of these rules mid reffiilations, 

10. At ihe close of each sea^n*s field w‘ork the permittee shnil re¬ 
port in duplieate to the Smithsonian Institution, in .<nich furiTi m ihn 
Secretary may prescribe^ and shall prepare in duplicate a catnloguo of 
the collections and of the photographs mado during the whsoii^ 
indicfiting therein such material, If any, as may be available for 
cxctiaiige. 

11. Institutions and persons receiving permits for excavation shall, 
after the completion or the work, restore tlic lands upOTi wliich they 
have worked to their customai'^^ condition, to the .satisfaction of too 
field officer in charge. 

T2* All permits shall be terminable a I the discretion of the Secre¬ 
tary having jurisdiction. 

13. The field officer in charge of land uwned nr controlled by the 
Governnieiit of the United Stat^ shall, from time to time, impiire 
and report as to the existence, on or near such lauds, of ruinn auJ 
archeological sites, historic or prehistoric ruins or nionumeJiLs, 
objects of antiquity, historic la rid marks, historic and prehUtoric 
slructtire-S and other objects of historic or scientific interest* 

14. Tlie field officer jn charge may at all times exaTnino the permit 
of any person or instltniion cliiiraing nrivileges grante<] in accord¬ 
ance with the act and these rules anq regulations, and may fully 
exantine at! work done under such permit, 

15. All persons duly authorised uy the Secretaries of Agriculture, 
War, and Interior may apprehend or cause to bo arrested, as pi-ovided 
in the act of Febniary fi. IDOu (33 Stal* L.* TOO), any person or per¬ 
sons who appropriate* excavate, injure, or distroj *'iny historic or pre¬ 
historic: nun or luomimcnt, or any object of antiquitv on lands under 
the supervision of the Secretaries of Agriculture, Wjir, an<i Interior, 
respectively. 

Ifi* Any object of antiquity laken* or collection made, on land:i 
ciw ned or cunt rolled by the Unitwl States, wilhout a permit, as pre¬ 
scribed by the net and ihese rales and regulations, or there taken or 
made, eontraiy to the terms of the permit^ or contrary to the act and 
these rules and regulations, may Be seized wherever found and at 
any time, by the proper field officer or by any person duly authorized 
by the Secretary having jurisdiction, and aiapessed of as the S^ra- 
tary shall determine, by deposit in the proper national depository or 
otherwise. 

17. Everj- collection made under the authority of the act and of 
thc^ rules and regulDtjons shall be preserved in the public museum 
designated in the nennit and shall te accessible lo the public. No 
such collection shall be removed from such public museum without 
the written authority of the Secretary of the Smith^nian Institution, 
and then only to another public museum, where it shall be accessible 
to the public; and when any public museum^ which is a depository of 
any collection made under too provisions of the act and the^ rules 
and regulations, shall cease to exist, every such collection in such 
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public museum shall theraupon revert to the national collectiotis and 
&5 placed in I ho proper national depository, 

WaskiSOTOS, D. Cl, Defxitibcr £(?, IBOS, 

The foregoing rules and regulations are hereby approved In trlpll- 
ente and, under authority (jonferpe<l by law on the Wwretaries of the 
Interior, Agriculture, and War. are hereby tnado and csdablished, to 
take effect immediately, 

E. A, Hitchcock, 
Secretary of the Inicrior, 
James Wjlsos, 

Secretary af Agriculture. 

Wsj, Ih Tajt, 

Secretary of War. 

The Institution has promptly acted upon all requests for advice, 
cither through tlie Bureau of Ethnology when iirclwjlogicfvl sites 
were concerned or through tlie Xational Jluscum vvJien paleonto¬ 
logical collections were dcifired. 

The national domain possesses priceless trenstires for the archeolu- 
giet nud for the public generally, and this regulation of exciivittiou is 
in the interest not only of science but of the whole people. 

CASA «RASt>E RUIN IN’ ABIZONA, 

As vras Stated in tlie previous report. Congress appropriated §3,000, 
to be expended under the supervision of the Secretary, for the pro¬ 
tection of the Casa Grande ruin, in Pinal County, near l+'IoretiCL*, 
Arij!,. and for excavation on the reservation. Tltis work was placeii 
in the immediate charge of Dr. J, Walter Fewkea, of the Bureau of 
American Eilinology, an e.xperienced archeologists and the results 
1 ‘eflched have h«n lieyond expectations entertained. All tlie mound.'! 
on the resservatioii have been opened and about three-lifttis of the com¬ 
pound excavated. In the course of the work there was found a wall 
which not only surrounds Casa Grande but also 43 large rooms. The 
newly diinmvered walls have been repaired and protected, and when 
completed there will be restored for posttcrUy a representative pre¬ 
historic settlement of the desert of southern Arizona. 

A preliminary n'^port of the first year'^s work has Iwcu prepared, 
uiid since the close of the fiscal year h^ appeared in the Smithsonian 
Miswllaneous Collections. Congress granted a second appropriation 
to complete llie work, which will, as in the previous year, be carried 
on under the direction of Doctor Fewkes. Tlie very interesting 
coliections which have incidentally been found have deposited 
in the Kational Museum. 

The appropriation for the protection and excavation at Casa 
Grande was made two years ago at the recommendation of the 
DeparUnent of the Intetrior, but the work was placed under the 
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direction of the Institution at the initiative of the Committee on 
Appropriotioiia, ^vithout any suggcstJon from the Institution itself. 
The plans for die work were submitted to the utdhorlLies qf ilie 
Interior Department and approved by it, and a synoptic rtiport of 
the year’s operations was tran^itted to the Secretary of the Interior. 

COHItE^PONDESCK. 

The correspondence of the Institution shows that there is even in 
the more remote parts of this country unj a broadj a widespread 
kjiowledge that one of the primary purpo^ of the Snuthsonion Disti- 
Lution is the diffusion of kno\vledge, alihoiigh the public at large 
not always possess a very deiinite idea of the exact scope of 
the InstitutiGirs functions. Hence there are received annually hun- 
drt-ds of letters sf^king for infoiTuation covering practically every 
held of seienoeT from n simple inquiry concerning the identity of 
stjme ]iatiiral-history specimen to a request for nn explanation of 
some problem in astronomy or physic**^ which may nNlidre quite 
exhaustive study on the part of a iiiemlwr of tlic stall* All legiti¬ 
mate requ(«!l.s for scientific information are cheerfully responded to 
as far as practiCBble^ and by this meatis much useful kuDwledge is 
disseminated, aUhoiigh the preparaiion of tiiese comiiiutiiratioii^ con¬ 
sumes a considerable port of the time of both the scientiiic and cleri¬ 
cal staff. It may be well to state in this connection, however, that 
the Institution does not undertake to maintain a question bureauj'’ 
such as is frequently conducted by newspapers and magazines, nor 
does it furnish information of a commercial nature^ which could as 
readily be obtained from a professional advisor upon the pujunent 
of a fee. 

In addition to this general correspondence^ there is carried on by 
the several branches of the Institution—the National Museum, the 
Bureau of American Ethnology, the National Zoological Park, the 
International Exchanges, and the Astropliysical Observiitory^—a con¬ 
siderable eturespondence relating to the respective activities of each* 
All matiers afTcctiiig questions of policy, and till appolntmciiL^, how¬ 
ever, receive 1 1 10 I >0^50001 ct>nsideration of tlie Stwreiary. 

The practice of pressrcopying outgoing letters in IxMiks has been 
abandoned during the year, imd the wm of carbon copies substituted 
in ita stead. Other changes have alsn been instituted in the method of 
filing, by which the papers on any given subject are made more 
readily accessible for reference* 

EXPOSmONS. CONGRESSES. AND CELEBRATIONS- 

Expmitwn *—Out of an appropriation of :^'200,000 for 
thif Government displa}" at the Jamestown Exposition, $10^000 was 
allowed for the preparation of exhibits by the Smithsonian Instltu- 
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ubout 60 by 100 f^U was provided for the ia^llatioa and care of 
the exhibit- ifr. W. da C. Eavenel^ administrative assistant of tlie 
United Statei Katioiial represented the Bmitbsoniiin TnMi- 

tution and the National Jtimum on the Government boards and was 
assisted in the preparation of the exhibits by an advissory coimnntt£?e 
consisting of Dr. Adlor. Aissi^timt S^ecretnry of the Simth- 

sonian Institution; >fr. W. H. TTolmes, chief of the liureau of 
American Ethnology; and Mr* A. Howard Clark* Curator of lib* 
torv. United Stales National Museum* The esebibit is entirely \m- 
toricol in character and mainly has to do with the development of 
the United States along various lines?, such as in land tnu]S|> 0 Tta- 
tion, tircarms- photographyy medicine, and other brunches* 

Bordeaux United States exhibit nt tiie Intema- 

tionitl Maritime Expi>silion^ opened at Bordeuiix, FjTiiice,Maj 1, LOOT, 
was collected and installed by the Smithson inn Institution nt the re- 
cpiOit of Hie iJiepurtnient uf State. ^Mr. Ilaveneh adiniitbtrative n!^ist~ 
ant of the United States National Museum* was designated by the 
Secretary to prepare and install this exhibit. 

C&ngre^x of Avu^riamhix .—The fifteenth annual Congress of 
Americanists was held in Quebec September 10^15^ iDOtk Mr. W, H. 
Holmes, chief of the Bureau of American Ethnologj^i was unable 
to accept the desigiiution of delegate which was tendered to him, 
but. his place was filled by Dr* M^alter Hough, of the Divisjem of 
Anthropology in the National iluseum, who represented Hjo Smitii- 
soniun Ini-titulion, the Nationial Museum, and the Bureau of Ameri¬ 
can Ethnology- 

Intfrnfitii^nal —Ttie Tenth International Geo¬ 

logical Congress was held in the City of Mexico SeplemiKT fi-14, 
IfiOfi. Prof* S. E. Emmons, of the United States Geological Survey, 
acted as reprci^eiitalive for tlie Smithsonian Institution. 

Lin 7 i<riiS cdchruHonJi .—The two hundredth annivu^rsary of the 
birthday of Linnd wo-h celebrated at New York May 4, 1D07, by the 
New York AcadcTiiy of Sciences* Dr* 'rheodora (Jill represented the 
Smitlisonian Institution on that occosioii* Professor Farlow', of Har- 
vanl University, represented the Institution at the Litina.ULs celebra¬ 
tion of the Royal Swedish -Academy of Sciences at Upsala on May 25- 

Dedkation of —Mr. George C- Maynard, of 

the National iliLseum* represented the SmithFonian Iitslitution at the 
dedication of the new building for the engineering department of the 
University of Pennsylvania, ^ptember 26, 1006. 

Mcmf>rial to Lo^ik AgoMiz^—Xt the unveiling of the memorial 
to Louis Agassias, in the Hall of Fame at Coluttibia University, New 
Yorkj on May 30,1307, tlie Secretary of the Smithsoniaii Institution 
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prescDtcd a brief tribute to that great mon of scienco whtdx was 
afterwards published in the Smithsonian Itiscellaneous CoHoctiotis. 

Aicrdi'cn atiHiL^ersar^f, etc. — Prof. V, W- Clarke repre^ntctl tho 
[nstitutioii on the occasion of tlie four hundredth annivei^ary of the 
Abcnleen Utiiversity,, Octoijer 20^ lOOtS* At the request of the Depart¬ 
ment of Statep tJie Institution recommended as delegates of the Gov- 
eniineiit to the Diteniatiotial Zoological Congress^ to be held in Bos¬ 
ton in August, 1907, ilr. Richard Kathbun^ Dr. Theodore Gill. Dr. 
\V. IL Dali, Dr. F, W. Truey Mr. Leonhard Stejneger, and Dr. Har¬ 
rison G. Oyar. The Secretary iittended the inauguration of the Car¬ 
negie Institute at Pitt^sbiirg^ April H-lSp 190T. Mr. Arnold Hague 
was appointed to represent the Tsistitution at the cenleuary of Oso 
Geological Scjciety of Loudon^ to take place September 19, 1907, and 
Prof. SknoTi Newcomb has aoeepted the designation to re pres®nt the 
IiLstitutiaii at tlie Fourth Ifitomadonul Congress of ilathemaUcianSj 
to be held at Rotue April B“li| 1903. 

Frise esmy on fskerka. —In resfamse to an invitatioiL from the 
Internationol Fishery Congre^55^ tho fourth session of which is to 
hold ill Waslilngton in Septcmljer, IftOS. on allotment of $200 hn^i 
been made from tlie Smithsonian fund a?s a prize for ihe best articlo 
on the international regulation of tho fiaheriefc of the high sens, their 
history, objects and resultis. It is announced that any person, assjo- 
elation, or company may esompete for the various prizes to lie a warded 
in connection with this ooiigresa by complying with the published 
conditions which govern the competition, as issued from the office of 
the general secretary of the congre^, Dr. H. M. Smith, of the Utiited 
States Bureau of Fishcrie^&. M^ashington, D. C. 

MISCELLANEOUS. 

Improvement and maintenance of Smitke&nian grounds, —^The sun¬ 
dry civil act approved March 4, 1907, contained an appropriation of 
$3,000 for ihc improvemcnti core, and maintenance ot the Smith¬ 
sonian gToimda, and also an appropriation of $iJ^00O for resurfacing 
the asphalt roadways in the grounds. 

CaNf&nm Acaiefny of Scimeea.—X^ stated in ihe prcviou'i report, 
tho good oflicea of the Institution were tendered and accepted by the 
Californio Academy of Sciencea for the purpose of Hiding it in re¬ 
placing its library and collection destroyed by the earthquake and 
fire of April, 1909. In the report of the Bureau of International Ex¬ 
changes it is noted that upward of 7,OCX) valuable publicatioiis were 
secured abroad and forwarded to the ocademyT and not all of the cor¬ 
respondents of the academy have yet rcfiponded to the circular. The 
Institution also fonvarded without cost to the academy very consid¬ 
erable calloctioos of booke from individuals and in-^titutions in the 
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Uniied States, as ^oU as collections of $pcdmetis. The academy has 
cNpressed its grate fit) appreciation of the generous attitude of foreign 
and Ainericini societies and of tho aid offered by the International 
Eschango Service of Uie Smithsonian Institution in rchabilitEstlng 
its library and collections. 

NATfON^VL MUSEUM 

The overcrowding of the present Aluseiini building Ims necessarily 
continued, so that in tuony places it presents almost LLe aspect of a 
Gtordiousc. Xcvarthelessj the collections can bo viewed by visitors, 
although not to the udvantoga which a freer ioiftalktion would render 
possible* Sfeanivh.ile tho roof of the present building is being re¬ 
paired and various oxhibition halls have been isolated with a view to 
obtaining greater fire protection. Exclusive of the subject of tlio fine 
arts, Oie additions to the Museum during the year consisted of about 
a tjunrter of a million specimens representing nil the subjects em¬ 
braced in tho Alus^uni collections. Several expeditions for cicdlecliug 
and oljservatjoii were made by members of llie staff, Jinny of the 
collections were recbi^ified niid niiuierouii papers pnhlbhed. Of 
duplicate s^iecimcns scpnraled from die coUeclions about 1(1,000 were 
distributed in 203 seta to educational estjiblisliments in differetit parts 
of the United States. The pnneipnl labor of representing die Insti¬ 
tution and the Aluseum at the Jamestown Exposition^ and the Gov¬ 
ernment, tlia Institution^ and the hluseiim at the Bordeaux Expositions 
fell upon the staff of the Museump^ Mr. JV. do C. Ravenel, the ad¬ 
ministrative assistant of tho Museum, acted as representative of the 
Institution for both these exposidons with great ability and success, 

NEW BDIKDING FOK THE: NATIONAL JiIOSEUAr, 

Although the ticw building for the STational Jluseurn haa not pro- 
grs^iH^d 50 rapidly as had been expeclfd, due almost exclusively to 
delays in the delivery of the granite^ these conditions have now been 
overcorne, and it is conrulontly expected that the building will be 
under roof by the spring of UK)8 and ba ready for occupancy by the 
heginning of lOOD, consuming a period of dme not cxceassive in view 
of the great size of the building and of the N>ljd and monumental 
cliuracter ot its CDnstniction. 

Ae the new building approaches completion certain qncfjtions con¬ 
nected with the future administration of da? Museum necessarilv 
press for conrideration* It has been reasonably well deteimined that 
the new building will be devoted to the scientific and historical col¬ 
lections* and the present Jfusenm building will Ihs employed for the 
development of the department of arts and industries* that the upper 
exlxibition hall of the Smithsonian building will be utilized to the 
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fini3-art Mllection mii die lower hall to n library, bui ciirryiiig vFith 
U ccrtjiiii exposition series, sucli as arc approprinte to a library. The 
sippiDpriation for the construction of Llio new building did not pro¬ 
vide for its efiuipmetit, and to commence Lids work I have uiduded 
in the estimates to Goiigres? a recjucst for S2(X)j{M}0 to begin the con¬ 
st roction of cases and fiirnishmgs for tJie new building. 

The purpostj of the Mui^unt i% and must continue to the ciu^ 

- tody of the national collections, by which is ineanL the presentation. 
E-kssIfication and exldbitioji, and work inddent thereto. The main 
ptirpi>Me of the Jlnscutn must never Ijc lo^t sight of. It is hut natural 
and pro|>er that in tlic course of da’^sslGcation and nrnHig:f:in 0 nt 
skilled scientific men engaged in this work should make discoveries 
of iniportance to science and that the aiusemn should publish them. 
l|j this way the :Museuin, in all the departments whidi its colJectioru^ 
represent, is a grt^at research institution as wdl^ but this rcseardi 
work h li by-pJXKluct nit her than the fundamental piirptw® of the 
^lu.^nrik. HappiJv enough^ the reletionsliip of the AIuseuTn to the 
Institutiuo is of such a nutun* that there is no waste of energ 3 > and 
rescardics which may Iw initiated through thr study of collections, 
which fur some renson or other can not be pursued wdLliont Held work 
iiiid further studies^ can be carried on eitJier by the panmt Institu¬ 
tion or by some oLlier branch of it. From this jioint of view the fact 
that the Institution, Museum, and Bureau of Kthnoiogy arc in ono 
organization has produced most useful results, and it is not Iluprob¬ 
able that in the futuro oilier combinaiione wliidi mtiy be B>f great 
advantage to the scientific work of the Goverriment and the advance¬ 
ment of science generally, cun he effected wdOiout in any way iriter- 
feriug with the fundamental purpose of the Museum. 

NATIONAL OALLEUV OK .ART. 

The brief liistory of die inception of the National Gallery of Art^ 
of the tender and acceptance of the Freer collection and of the 
decree of ilic supreme court of the District of Columbia, residtiiig in 
the Hfctiring of tlie Harriet Lane Johnston collection, is given in 
report for the previous yean A.h described mon: in lietail in the 
report ou tile National Museum, the.se collections have been teinpo^ 
rarily msUilled in the lecture hall of the MuiEcum. and, in spite of 
the fucL that the place was not designed for a collection of art, have 
been viewed by it largo number of visitors, IVeniy-onc paintings 
of merit from the Lucius Tuckerman collection have liccn receivetl 
on deposit, and gifts have liceu received, among others, from the Horn 
.1, B. Henderson, the chairman of Iho executive committee of the 
Bcmrd of Regents, and from Miss Eleanor Bhxlgett, of New Vork^ 
A most considerable gift, e3x>eci*illy gratifyhig in view of tlie fact 
that it furnishes an index of rml recognition of the importance of 
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tho XaiiotLfli Gallery on the part of a dbtingubhed collectorwas 
the donation by Mr. ^VxlUam T. Eynns* of MontcUiTt N. J-: of 5S 
pLsintirigs in oil by Amertcnn artists of established reputation^ No 
space was a vnliable for the instRlIation of th l^ really eNceptlonuI 
collection in tile btiildings of the Institution or Museum^ and, through 
the courtesy of the trustees of the Corcoran Gallery of Art^ the paint¬ 
ings have been ternpoi'nrjly hung in that gallery. 

With u view to providing space for the ^^'otional Gallery for a ■ 
period of years and until a proper building Ls securedi I Lave 
included in the estimates for the coming fiscal 3 ’ear an item for 
ad a pU tig the lurgc second story of tlia main [>art of the Smith^nian 
buildings a hall SOO feet long and about 50 feet wide* for this purpose, 
tt will rofiuire soiue cbojiges to make it suitable for the hanging of 
pictures, and improvements must be made in the approaches^ which 
jfcrc 11 nw inconvenient for the public. 1 trust that Cougress may see 
its way to grant ihia appropriation at its forthcoming ifcssion. 

The tender of the depoMJi of 13 paintings by Eilwanl Morun* illus¬ 
trating .^.meriean history^ niadc by Mr^ Theodore Siiiroj of New 
York, was accepted, and in Septeinbcr^ liK)?, this iiitcr^liug histor¬ 
ical collection was hung on screens especially built fur the purpose. 

The responsibility assumed by the Institntion for the nation in 
liringiug together a worthy gallery of art has created widespread 
interest and comment in mn go seines and jourtials on the part of artists 
and art critjo? and wiih hardly an exception has been cordially re¬ 
ceived. Tlie Tn^litution recognises the deep responsibility entailed 
by this new movement and fully appreciates that the art world and the 
puldic have a right to expect that the future gallery dmli be worthy 
of the nation. Mr. Ratlibun haw taken deep interest in the jsrotnntion 
of tin? gallery^ and has given a great amount of personal attention to 
it, and Mr. W. H. Holmes, a member of the ataff, and liimself a pro¬ 
fessional artist, has given vflliiablo advice in the matter of selection 
and installation. It will of course be a conaiderable Liinc befotw the 
Institution can command the servic'cs of a staff experienced in the fine 
arts. Rut there seems to bo no reason w^hy the principles which have 
for yeari; guidefi the Institution in admimslering upon scientific mat¬ 
ters should not be applied wnth etjual success to the fine arts. The 
Secretaries have never relied exclusively upon their own judgment, 
nor even upon the judgment of the very" able staff, to puss upon 
scientific memoii^ or to administer funds for scientific purposes^ but 
they have been aided by committees composed of the most distin¬ 
guished spednli? 5 ts throughout the country. Hardly a swingle scien¬ 
tific jnau tliTOugh the course of more than half a c^turv has ever 
declined to act upon such a committee, and it would seem feasible to 
carry out tlie auggestion infomially made to the Board of Regents bv 
Mr. Rathbun nearly a year ago, that the acceptaLnee of pamtlng^ and 
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indeed the general policy of the Ketional Gallery of Art should have 
the edvice of a committee compo^d of the most distinguished artm^ 
sculptors, and students of urt in the cotijitry, which body might, for 
purposed of udniinistration, be dividwl into subcommittees to deiil 
with the various aspects of the National Gallery. Steps have already 
been taken to organize such a comrnitleo, and oonferences liaTO been 
held looking In that tuid, and I hope before very long to bring a defi¬ 
nite plan for its coiUstitution to the nttentlon of the Eegents. 

BUREAU OF AMERICAN ETHNOLOGY. 

Tho Bureau of Anierican Ethnology' has been engaged in iuvesti- 
gBtinn^ amijiig the Indian tribes of the eotintry for upward of a quar¬ 
ter of a century. The object of these investigations has been two¬ 
fold—to preserve a record of the native racc^ of this country, and to 
place at the disposal of the Genera! Government information whidi 
Avould enable it succcssfuily to deal with the tribes* For ihisJ latter 
w^ork the first requisite ia a working knowledge of the tribes, and 
the Bureati has collocteiS data relating to some fiO families of lin¬ 
guistic stocks, and upward of 300 tribes. It ha^j located and classi¬ 
fied these, and has made progress in the study of UiPir history, rela¬ 
tionships to one another and to the w'hitees their nectls as iv arils of 
the Cioverninent* find their capacities for and adaptability to civiU^ji- 
tion. For tlui^^ purpose it was deemed nece^ry to give attention to 
tlie culture of the trilics, especially their languages, eocial organi?^- 
tion and goverDment, systems of belief, rcligbits customs, and arts 
and industries, as well as to their physiail and mental characteristics* 

It ha*^ not possible to study all of the tribes in deiciil, but. only 
to investigate a sufficient number as tjpo^ to stand for all. The lu- 
sults of tho work heretofore accompli shod are embodied in publbhod 
reports, and in many manuscripts preserved in the archives of the 
Bui:vau. It has been deemed advisable to take stock, as it were, and 
to issue a summary of our present knowledge of tiie tribes. This haii 
taken the form of a luindbook of .\mcricun ImJians, the first voliimo 
of whicli has appeared and received much fuvorsible eonimeiLt. No 
effort will be spared to push Lliis work to a concludon* and as much 
fori 3 e and time as are necc^^ary for this purpose wdll be employed 
during the 3'ean In order to keep this summary within the compass 
of an easily coiisulled handbook, many imt^ortant subjects have been 
treated merely in outline. 

ITie nC-tt special subject to which a publication will be devoted 
will be the languages and their dialect:?, for whidi a handbook in iit 
least two volumes* is in progrs^, the first being now ready for pnblU 
cation. It is the work of our first American philulogistT assisted by 
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u score of the ablest students of this branch in the United States- 
The nets and Industries ^vill also bo treated in u separate handbook 
no^r under and other brandies are likewise in preparation for 
publication^ Thej^ indude treaties and land Eessiansr sign language 
and pictography, rcligiofLe, j^ociii] systems nnd governnient, physical 
and mental cliEiracleristicia^ ardieology^ and oilier subjects. 

Thi-s work of studying and recording the Indian iHbes is not only 
of national importance^ but urgent. It can never be repeatt^d* It 
will constitute the only i^’stematic record of the red race that can 
ever be made. The nati^'e race, one of the four races of men^ is dis* 
appearings and the processes of oblitertitiois are irrcsislible and swift, 
A language or culture of litiy mce^ once destroye^L can never be re¬ 
covered. Tlie work is worthy of a great natioU;^ and is one that cam be 
tarried on systematically only by the Government. Ttie Govomment 
!ihs two great obligations which the Bureau is rapidly fulfilling: 
(1) To know tbe Indian for pructical purposes of govertitnent and in 
the interests of humanity; to preseiy^ to the vrorld an adequate 
record of the race which is so rapidly disopj>earing, 

U"itlj tlie object of assisting the departments of the Governmont 
having custody of die public domain in the presentation of antiqui^ 
tics, the work of compiling a descriptive catalogue of antiquities hun 
been continued^ and several buUetins relating to this work have been 
publislied* 

Unifortn rules and regulations have been adopted by tlie three de¬ 
partments in control of the public domain in carrying out die recently 
enacted law for tlic preservation of uritiquiti^. Under this laiv three 
important archeological sites were declared national nioniimerits, us 
foUows: Chaco Canyon in New Mcxica, lududing several imixirtiint 
ruined pueblos; E^l Aloro. New- Mexico, oommorily known ns Inscrip¬ 
tion Bock, and Montezuma Castle, in Arizona, an important dill ruin. 

IXTEBNATIONAL EXCHANGES. 

The work of the Literoational Exchaiigo Service contJiuies to 
ijECTLiise from year to year^ until the number of paekag'a aiititmllv 
passing through the hands of the siu-vice now amounts to nearly 
200,000. and the weight to over 200 tons. During the pa^t vear 
nearly S,000 packing boxes were rwjuircd in transmitting oxchange$ 
to other countries. Thtese figures servo to convey some idea of the 
magnitudo of the ojjerations of the a^rvice and make apparent the 
n<^ of increased pppropriations from time to time in order to keep 
the work up to the higii i.-tandnrd of efficiency whkli has been 
attained. A larger appropriation was therefore requested for carrv^ 
ing on the service duringthc coming year, and it is gratifying to state 
that Congress granted $32^00, nn increase of 83,100 over the sum 
allowed for the year now closed. This additional amount will por- 
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mit further improvements in tiie service end renewed erartions to 
procure lurgcr returns of government publicotJoiis from abroud for 
the Library of Congress and the several DeiMirtmeiits sad Bureaus 
of the Govemment, 

The Smithsonian Institution, througli its system of exchanges, is 
in correspondence with J5S,107 establish meats and individuals, 40,514 
of which are exterior to the borders of tlio United Stales, As will be 
seen from n perusid of the table in tlio full report on tlie exchanges 
ill the appendix, these correspondants are scattered throughout the 
world, oad it may be said that there is no place, however remote, 
which does not profit by the service- 
Under the CcHigTessiontil rvsiolutioiis of March 9, 1807, and March 
2, 1901, setting apart, a certain number of documents for exchange 
with foreign governments, there are now sent regularly to dcpcei- 
tories abroad full sets of United Slates odicial publications and 30 
partial sets, the governments of Ecuador, Panama, and -Vlberta, 
Canada, having beeu added to the depositories of partial during 
the past year. 

In order to prevent loss of publications intended for Government 
tslablishment-s, stjecial attention has been given to foreign consign¬ 
ments of bixilcs arriving at the various United Slates cnHtom-houses 
incorrectly or insnflicictitly addressed. During the past year these 
efforts have reaiilted in the clearing of a number of consignments 
which might otherwise have gone astray. 

The work of increasing the office collection of directories and other 
iKioks of addresses has continued during the year, and has resulted in 
the accumulation of a very creditable assemblage of such publications 
I am gratified to state that through the efforts of I>r. Eypaldo 
Bassier, a member of the Greek Parliament, an arrangement has been 
effected whereby all exchanges for Greece may now lie forwarded to 
the National Library at Athens for dLstribiiticn, inntead of limiting 
the consignments, as formerly, to publications intended for Govem- 
ment institutiona or individuals connected with thenu This arrange¬ 
ment will enable the lostitullon to make more frequent transmissions. 

Recantlv a oommunication was received from Dr. F. Bonola Bey, 
Hecnatflry-generel of the Khedivial Geographical Society in Cairo, 
stating that on account of absence from Egypt- it would bo neceffiary 
for him to discontinue the distribution of cxdiongea for the Institu¬ 
tion; adding, however, that the director-general of the survey de¬ 
partment lit Cairo would take charge of the work. A letter from the 
director-general has since been, received placing the services of tho 
department at the disposal of the Institution, Consignments will 
therefore be sent to the snirvey department iu the future. 

Transmisisiojia to Bulgaria, which were temporarily sruspended on 
account of the death of Dr. Paul Tjcvcrktihn, who attended to the 
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distribution of exchuiigiGs lor tliat caiiDtn\ liave been resumed. The 
Prince of Bulgaria^ in response to u requed^ of the In^itutioni has 
d^gnated the Scientific [nstitutions and Library of Sofia to act as 
the exchange intermediary between Bulgaria and the United States* 

As Hawaii- the Philippine Iriand?-, and Porto Eico are under the 
jurisdictioii of the United States, the Institution feels tliat e^cbangcH 
with thein can no longer be termed ** international^’* and has therefore 
discoiiLihued the acceptance of packageid from domestic sources lor 
these territories. 

The International Exchange Bervicej in its efForis to aid the Pali- 
fornia Academy of Sdcnc<^ in tJie rehabilitation of its lihran' and 
collections, drisLroyed by the earthquake and fire of April, IfiOG, sent 
eimilors to oil the foreign correspondents of the aeademy soliciting 
contributions. I am gratified to state that n mo^ liberal repoiLso has 
been niadct the number of cxchangcii receiip’ed aggregating 6^70 
packages and pubHrattinnsj iviiich were forwarded to San Fmneisro. 
It may be noted in this connection that this is the first time since its 
organization that the Exchange Service has sent out a circular of this 
chjun^cter iu Ixihiilf of any esbiblishment. 

NATIONAL ZOOLOGICAL PARK* 

By act of Congrcjs^ approved April 30j ISfiO, the National Zoolog¬ 
ical Park was e*3tablialiod for the advancemeut of science and the 
instruction and recreation of the people^” and in pm^ance of this 
authorisf^ation the collection of living animals has increased frEJm year 
to year, ii being the purpose to exhibit living species of the various 
tyi>es of animal life for the m^ruction and entertainment of the 
public* 

Til carrying *ut the first of the objects slated in the act of organ- 
iatatiou, namely, tlie adTancement of science^ the original design con¬ 
templated the estabUshment of methods of scientific re^rch, but lack 
of means, and the more important necesaitiea of the park, have pre¬ 
vented thk from Ixnng realised- Plan^ for a laboratory are in hand. 
Tlie varied zoological collection now as^mbled a fiords material of 
great value for studying the habits of animals, and for physiological 
and pathological research, subjects of practical importance and 
utility^ 

Much aire and attention has also been devoted to preserving the 
natural Ijcauty of the surroundings and to the enhancing of the 
attittctivoness of tlie park to visitors. 

With a dngb exception, no especial appropriation lias been made 
for the erection of buildings for the animals in the park sinoe its 
inception* They were originally housed in wooden sheds which have 
been gradually replaced by fireproof structures, m the appropriations 
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pemitted. This plan will be eontinuedH It has not been carried for¬ 
ward as rapidly as the neccEsitles. demand^ owing to the fact that 
the appropriation granted^ for a tinmber of yeai^ hii54 been but liltle 
more tlian sufficient for the maintenaiiL'e of the park* 

Attention has before been called to the desirahility of sectiring for 
the park the narrow tracts of lajid lying between its boundarliid^ and 
the recently established highways on the southeast and wesL The 
highway's were located by the Engineer Commissioner of the District 
as dose to the park as the topography would permitj^ in order to 
reduce these tracts to a minimum. It is csticaittcd that the hmd in 
question can be acquired by condemnation for $40,000^ and an item 
for Lliis pur{>ose is submitted in the estimates^ 

The colJcction of animuls at I he close of (he fiscal year numhered 
1,1 Its, The small mammal bouses, which has licen under construction 
for several years, was opened lo the public on November 15* To it 
were transferred the collection of monkeys, m there had always ]>ccn 
a difficulty in keeping these animals in the pro|>cr eondiilon of health 
in their previous quarters. Work upon two additioiml liear yards 
has been contracted for and considerable repairs made to some of 
the older cages. The Adams Will rond was overhauled and res nr- 
faoed during the autnmn of 1906, and the planting of trees was car¬ 
ried on at suitable times as far as the available fund permilted. 
Five of the more important buildings were heated from the central 
heating plant, installed during the previous year* The spccinri-sts 
of the Department of Agriculture vrerc offered oppfurtunities for 
pathological studies when animals died, and such dead animal.^ os 
might be useful to the national collections were sent to the National 
Museum. 

ASTROPHYSIGAL ODSERVATOEY, 

The work of the Astrophysical Observatory, carried on under the 
siipendflion of Mr* C* G. Abbot, who was appointed director ilarcli 
Ij 1907^ haa consisted of observations at the ilount Wilson Observa- 
lory and at Waslilngton, and the preparing of Volume II of the 
An nab of tlie Ob^?ervatory. About seventy days on Mount Wilson 
were devoted lo observalions of the *^^Iar constantof riidiation* 
oil which the stair of the observatory had been at work for some 
years. Tlie results were generally excellent. A new continuons 
recording pyrheliometer is in course of construction for this work,, 
of different dimensions and construction from the one at present in 
use, 5fiidi aftention was paid to the obscn'ation of the intensity 
of light rcflectfid from cloudss with a view* to the dctcroiination of the 
albedo or total reflection of the earth. The quality and amount of 
the light of the sky was also measured on several days. 
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MeEsiiremcnts for the determination of iJie solar constant ” ircre 
also made at Washington whenever atmospheric conditions per* 
mitted. These are of great value as supplementsdata to the Mount 
Wilson observationB, 

Volume II of the Annaiss Is in pressj and indiidt^ an account of the 
Work of the ob 9 ervator 3 ’ from IflOO to ltK)T* Speaking broadly, the 
energy of the observatory has been devoted to an investigation of 
the intensity of the rajs of the snin and the dependence of the earth’^s 
tetiiperahire upon the radiation. 

The investigationri have ri^-uLte<l in apparently definitely fixing tho 
lipproTtimate average veil lie of the =olar consUmt^’' at 3.1 calorics 
(>cr S 4 [uare cciititneter ]ier miniilc^ and in showing decisively that 
there is a mhrkrd fluctuation alxait this moan value, auflieiciit i» 
magnitude to influence very perceptibly the climate, at leai?t of in¬ 
land regions, upon the earth. 

The observatory buildings, although temporary, have lieen kept in 
good repair by a srnaU expend!ture+ Plana have been rnorle and 
contracts have been aw^arded for Iho installation of eletlrieal light¬ 
ing and pow'or to replace the presicnt inadequate facilitie^'^ and some 
addition;:? have been made to the research equipment and library, 

INTEKNATTONAL CATALOGUE OF SCIliNTlFlC 
r.ITERATURE, 

The International Catnlcguo of Scientfie Literature is a classified 
anthor'ss and subject catalogue of aU original scientific popers piib- 
Ikhed throughout the world- The organization consists of bureansj 
established in each of the civilized countries, whose duty it is to 
furnish references to the Sicientific publications issued within their 
^veral regions, these references being assembled* edited, and pub¬ 
lished in seventeen annual volumes by a central bureau in London* 

The cost of printing and publishing is met by the sut^cribers to 
the Catalogue; and American universities, Itljrarles, and scientific 
pieties alone have shown their approemtion of the work by liiEkitig 
advance FubscripLions amounting to over $30,000- The cost of col¬ 
lecting and indexing the material for the Catalogue is in each 
borne by the countries taking part in the work,, and ia for the most 
part derived from direct governmental grants. 

The Regional Burcjiu for the United Statts was organized in IflOl 
by the *Smithsonian Institution, and was maintained by funds of the 
Institution until it waa placed on a firm fooling by an appropriation 
made by Congress of $5,000. which becamo available for use July 1, 
ISOO. A further grant of $5,000 became available July I, 1007* 

Each regional bureau collecU, indexes, and classifies the current sd- 
eiitific literature publiEhed within the country it represents, and fur¬ 
nishes the material to the central bureau m London for publication* 
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The iitr scctiml bv regnlarly goingf through aH of the 

journnls li^itod for cxatirniatJOPi by a daUy search through the publi- 
rations irhich are hy the Smithsonian Instittiiion, and by 

examination of all available :SOiirce-^ Lists of all papers indexed are 
also from time to Ume submitted for roTision directly to the authors 
whose mimes appear on the records. The anthors are requested to 
hend separates of their work for the use of the CaUiIogue, a pL'«c:tJ<re 
which restJts incidentall}" in considerable accesisons to the library. 

U bus l>een hoped that the material collected by llie Bureau could 
be |jririted flep!y^ltc]T ii current clai^ilied index of .Inierican Scien¬ 
tific Literature, which won It I make it avallabie for Ajiierican men of 
^:cience probable' a 3 "cnr lie fore the International Catalogne was pub- 
Hshed. but since the printing would have to be done at the expense of 
the fund of the Institution^ it wns decided after thorcjugh considera¬ 
tion that the outlay could not at pr^nt be Instlfied- 

NECROLOGY* 

During the year the Institution has suffd'od die loss of a Regent 
lEod of three able members of its wtatL The rioii. R- R. Hitt, dis¬ 
tinguished for his services? in the diplpmatic corps and aa a Jiember 
of Cungress, wliere he ably served for many years as chairmaiL of tlie 
Cumiiiiltee on Foreign Affairs* a man of cultivation and broadly 
interested in science and arts piOjised aivay on September 20* 1900* 
Me was appointed a Regent on August 11* 1993* and served continu¬ 
ously" until hi^ death and acted since 1901 as a member of the execu¬ 
tive committee. In the Proceediogs of the Board of Regents* printed 
in another place, there will be found nii appropriate tribute to his 
memory by his col longues* 

One of the oldest members of the administrative staff of the Institii- 
lion^ IVilliam Jones Rhoe-s, clird March IS* 1907. Mr. Bhees was tmrn 
iltirch IS* 1S3D. In 1&53 he became chief clerk of the IfiBlitution. and 
in that capacity, and later as keeper of the archives, served it with ii 
brief interruption until the time of his death* His knowledge of the 
affairs of I he Institution was wide, and with him there passed away 
ilie principal human repositor}' of its history* for he had been con¬ 
nected with it almost since its inception and had served during the 
grti^ater part of the administratioriB of Secretaries Henrj^, Bairds and 
Langley. He was a methodical man, and in addition to bis adminis¬ 
trative labors issued publica tions valuable to the libra nans of the 
country and others of importance on the history of the Institution 
and its founder. He was a public-spirited citizen, and his deep de¬ 
votion to the Institution is evidenced by a bequest from his modest 
estate. 

Albert S* Gatscliel, a distinguished linguist and for many years 
conuectefl w^itls the Bureau of American Ethnology, died on March 
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askval iuip^ar ssuthsqsias ikstixuhoNi ujffr, 

16, 1907 . Ab appnwiative account of iiis career will be given in the 
annual report on the Bureau of American Ethnologv. 

Paul Edmond Beckwith. Assistant Curator of History m the Na* 
tiotial Museum, died on June 37, IMT. A sketch of hia career is given 
in the report on tlte Museutn. 

LANOLET MEMOUIiVL WBJiTrtNG. 

On December 3, 1906, a meeting in memory of the late Secretary 
Semiiel P. Langley, was, in accordance with a resolution of the Board 
of Regents, held in the lecture hall of the Nationul'JIuseum. The 
Chancellor of the Institution, the Hon. Melville W, Fuller, Chief 
Justice of the United States, presided, and nfter preliminary re¬ 
marks introduced the speakers: The Hon. Andrew D. VThite, who 
p[i 05 ent(H] the memoir on behalf of the Bourtl of Regents j Prof. E. C. 
Pickering, director of Ilervai-d College Obserratory, wbu described 
Mr, Lifliigley s contributions to nslrotiomy and astrophysics; and Oc¬ 
tave Chanute, esq., of Ghicagp, who spoke on Mr. Langley’s contribn- 
tioiis to aerodynamics. 

The addiesses delivered on that occasion, together with u bibliog¬ 
raphy of the published works of Mr. I^ngley, bava been issued by the 
IiLstitution in the series of Smithsonian Mrscelleneoiis GoUeetions, 
and also in a special edition. 

Respectfully submitted- 


CnAS- D. Wai-cott, Secretary , 


ArrasDix I. 


RKPORT ON THE ITNITED STATES NATIONAL MUSEUM. 

^tni I hav 4 > tbe bonor ^btnlt tl^c? n?|>ari on tl3& fipfimtloDB of 

Uie United Stat€fl Niitlonal Moscom fflP the flaakl y^t Jtine JtO* 1130^7: 

Tlie uHKst n&to^ortlij feature of tho ^enr tbe di?dfled ndtaiurn ttnidn In 
tlie subJiKt of tbn duo iirli^, ek> ninrked Irnlee^l h? to <-^11 tot tiniii'eiltul^ aellun 
In proHillnj? nt n lt*iu|Kinir>' homo for the Dntloniil KnHolry, ^tHoso 
a] ready natlieroil reeel vchI ^lueli favorable eoniiuent. WliLle tbe erectfod 
of the iieiv hullfUni^ for ttH? Lha lieeii retariJiisJ by ilelaya In tbe delivery 

of grimlte, the worfe^ tma iifcHw^tefl uteadlly hint otliertvliie rtotlHfnetorlly^ Tbe 
collection wevE hiorenwcd by alHant u ijoiirler of a nilinod $p<H^Itnclia, iot-ltidlc® 
a lani'e amouet of nuaterliii of exeepbonal Importance, The eluEfslieollon and 
anranKeiiifliit of tbe iidditlona were ejirrled fonvard iia mpidly mb potaulble inider 
the prieieiqt |l to I tatlouB Hs to laeanH rind s|aice, ned the Lvlleot’oua aa n ^hofe 
liavo bom umlntEtlned in ficwd condition, 

PCATIOHaL OAUJOtV ow ART, 

Tbe Conj:r«Klonnl net of Iftlft, fonofllni: tbe Smttbiwninii InatttdtEnti, prtKvtded 
that nil ohJoctB eirt belonsinj^ to tbe United Btnte!^ Bbc»uld be deUveted ItiLo 
the ciiPtcMly of that (stabllabmeTit T^'henever Bultnble urmejseiiieobi coilld be [iiade 
frcioi time to time for their reception. Tiic forii:mtloii of a luitlotial gallery of 
nrt tbuH IntroBted to the Iiadltutlon receive cnrly ami favojmbln coopldomtloii 
by itie Doard of ItceentB Bud was emhodlQf] In the plan of ortiTiiiEzntloii. It was 
the oentlinotkt of the Boiird thnt the gnllery should Include hetb tatlntlnga nnd 
Bculptnre as wcU aa engr^vIneM atid nrcbltectural dot^lj^na, thnt Httldloa for yoouft 
arttBta rbonkl he provldedK ancU aa It was expecteit that tljo collortlnna would 
oecomulate j^lowly^ that Hie gallety flhoulil be jiartly used doHng tlw winter 
for loan exblbUioni;. 

la the Smlthsoblnn build lag, which was Immedlntoly pat In codtbo of erectlou, 
two roonui were espeelaLly dealgued for tbe f'otlcrtlona of art. tbe west hnll nad 
eooaeetlag range on the main boor. These qnarters were so used for a tiino 
tn eoD^unf^tloa with the library and reading room, hot the nt'coinlnodnltonu thus 
nffoiHled proted so Lnadeqnate that tt bemEue no^romury to also devote to the 
Home loinuMe a part of Uie large appvr hall now aecupled hy tbe collection of 
prehistoric nrcheoloicy. 

Exsmple^ of art were among tbe very drst aetpilHltloas by tbe Institution, 
and fiTkEu time to time tbereefter addltloiq^ of one hind aniS. another were 
received, hut any boiu that tnight have been spared for thl>i purpose from the 
Bmlthsoalun Income wouEd have been wholly Iniiiillcl^t to nutke any pronounced 
or BystenintLc advance lu this direction. Tn the Natloual ^luBeum, however# 
certain branehes nf^rt have been faBteml for aver n quarter of a centory and 
are now fairly well Teprc^nieil. 

The flriit eoUoctlao pnreha^ by the Instltnllnn waa the valuable series of 
prints iiaactnbled liy the Itou. George Marsib, containing cxamplaii of tbe 
work of nearly every etcher and ongmver of celebrity from the early ninstetn 
to the nilddle of tbe Tart ceatnr>\ It was rccoi^nljEotl as the chnleeat cDllectton 
cif Its kind then In this couutry, loiter accei:&ioiw liieinded, hesidea engmvlngH, 
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a tiU£»b«T €( pulntlBflB, rcprcHliiictloiis of celebrated pSoce& at scalpture. tnoAt* of 
dlstlEiintEBbcd ^ndivEdiuilff> nod tnany lajportunt boots on art 
TUe Ciir3y eiblblHop In tbe llprl€^r bnU coOBlBted miilnly of ll\e 

unS^^ue coTliwtEons ijf lad Inn find »cofit-u by J. 5L Stanley, C. B. Kliiff, 

and othCtTt but in llio Bro of lS+>5 tbSa aectlon Of tbo galleir wlUi Its content? 

entirely destroyed. Tbe nl^jecte on tbe loT^cr door fsenped lajnty nnd wer^' 
<r?ilisC'[ueTitly deposited for- MAfc-kcepliig^ En tbe Ltlbrary of Conj^resfi nud Eln^ 
Coroornn (inllcr^ of Art, irtw^rt Lbcy n^oitthied untU ntiout Lon yeur^f npa S3 in'll 
that tJiuo one of tbe rooms la ibe tsii^lcrii part yf tho SroltMon!nii bolldlD^ bsi-t 
bPOii atlliied for Lbo p^lllt^^. iM^ks^, und vnrlouH other work* of art, bnt lEic 
Inrrn'r ^Hirt of tbe colleoHoii Um lioen proTldcd fur In the Natli^nrtl Musenm. 

Sacli. briefly, wn.4 Uie lilstory r^f Hie art oAlillitt* up to January, tHOfl, wben tbe 
net!eiihiiii.-c> by lini Itwird of of tbc hxf^ Jiud notable «i3l«ilon of Mr. 

Clinric* 1-, Freer matked the ijoBluainir of ii now opoeli In tbo ntTnlr^ of tbe 
^:!l]lc^y of art la the foUawlTor -Tuly n forther ndvQawi? was luade tbroiiab the 
rininLMttoa of the valuable folIccUou of tbc late Harriet Uiue Jobiutoo. tinsed 
niKin u di^-dfllou of the Ntiprcnic j^xiurt of tbe District of ColtuabEa, ossentiaiUy 
reamnnlai^ tbe Intent of tbe fundamental net. alfcndr refernia tu.^ tbat the 
roslodinnsbliv of tbe patlonal ^aUer)' of art wras vcstcsl In tlw SmltliMtilaii 
limtltutloH. This collectloa bt especEalliy nntowortby tn thnt It cntUalna fwiEut- 
lag* by several celebnitwl nnistcn*, Ijesidos other pEoees of raerit and of Sit* 
toHcat Imporbinue. It wns delivered to the lOAstltution In the early patt of 
Anfenirit, taod. nuii wiLs at once Installed la tbo roceptLon room In tbe Smlib- 
kohEuu hulldlui^. the only place tht^ avnllable, 

The iiiwesstty uf an^urinir nn^re eJttei;slvc ipnirtiT^^ without delay 3 ^.h.I tlir 
i«e;fM.dloii and Uanr»oniry fittlni: up of lbo lecture InUl tti the Sluseuiu bulldiu^ 
for tin* purrM>ik?s or tbe imllerj anil eiKtieclnlly for tbe palutlaj^a. On rbo com- 
|.leltrtu of tbene ohan^jes In tbe In iter piirt of Novcadier. l3XiBi the tlarrlct Luiie 
Jobnstoa c^dlHrthin ni 4 il utlier pnlnOngs were tmaifrerts*l and lUe^e. ^UU 

several lonus nnd douatlons, fully ocnipietL tbe exSotltig w all AniNiie lin? 

Ion ns nltorrld lie iiiLMiUoaed 21 pnlntln^^ from rbe Lncliis Tiidtcmnin I'^dUH-llon, 
rind nmorig tbe idftH, yne by the Hon. B. Henderson, of ^Vnshhi^an. nml 
iijio hy 3dtf?s Elenaor BtcdgeU, of New York, 

Unrlng tlw* biltcr part of lbo wlub-r ibe ^Jillcry rcceSvctl a most milJidantbU 
and prjitlfylnir recofi:nltlou from .Ml iVIlllnui T. Evans, of yiontclnlr. X. .1., 
tbe nell-kaown coiLOolBsimr and patpr^ti of art, wbfise ■fonlrlbatlnnp aattde wltb- 
out gobcltatlon, coaajatM of rf> pnlbllu^^ lu oil by Aincrlrnn artists of eatnb- 
ILhIshI reputntloq, CnfortiiDntejy no place CDuld be foaod In the Museum bubd- 
tjin for this valuable colletrfelnn, and It was necessary to provide clwwbwrts 
for Its tciupomry ki'CpEng. Tlds hni^ hf^n mrcouipllahcd tbroujih tbo r^^mrtcfty 
of I he tnJiftoefl nf the Cnrcoran Gatlciy of Art, where ihe pEctiires ore now butii?. 
fllllTijr the greater taart of the Inrwfr nirtum 
Le 4 iylajB out of coinddcratlon tbe fTecr colieinltui. wblcb iH to retimln at the 
home of Ita gennrooy donor dnrlng bis IffcUme^ the natlaojil gallery nnw has 
In Its possession valuable iialutLn|;s and other art Dblectn for whose c^blbltlon 
under sultablp condlUoos Ll is Lnaportoat to un'UDge wltbnot delay. For ibE^ 
ptiriiose tlicre I* no better place tn tbe existing bulIdtuRs than tbe seeoud aloty 
of tbe main part of the f^niUbsonlnn baUdlng. n ball 200 feet lon>t by |>0 feet 
wLiSe Tt wlU require soiue cbnngcs m adapt It to tlie bunging sincl lighting 
of pietums, and wtoe Iraiirovemont b Its npproaclLes which arc now Incon' 
wnlcut for the public. Involving an expenditure greater than \b possible from 
the current approprlntlnu, bat It Isi hoped that Congress may pm vide for thi* 
oTii at Its fortbcomltin aciwloiL 
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At tilt* b^unttig t!£ tbe Iftirt Jl*Kal year, ivork ttio oew buUdldg for the 
Miwaui iiod priiBrOflaod to the osltsnt <M>inpletLdi5 tbe biiKnient iiAlla ttiul 
piers anil the sI^hjI fruniowort iiiiO brltk nrchra festlaj? uihiu them, eisc^ept at 
rhe nad north pavlllona. The ^^ourfe walls of tlie tnala irtor>- liaii iilso bveti 

jituiit'iL Fmm timt time onward the rtiiiairuetiou of the UuUdtiig tvonlfl hare 
adt4lilL\Mi more niphily hut for delays In the dellTery of ttw irrualLts. fiiMend, 
thcreffnTJ. of bring for tJio nH;^fa ul Ihi^ tmd of the ftsi-al yoar. &s bad been 

the oLiter wnlts Levo tweu ^irrtoil only to the height of the tlutels at 
the top of til* soooiKl stor>' on the eastern ?!(*filoii of the building, and nut so hl^ 
on the western set^hni^ The two entrance pnvIlluiiM bnre only reaitnd the top 
of the iHiaeJneiit iliw, but tiao aieei work luul nrrber <if the mxpjitl tluor are In 
t?lctee nml tbi? baneineiit UHtiure bull has been hitlostHl utnl partly ViiiilUsl aiid 
tllud. With ibe roeelpt of llie lUml BhJpiiieiit t^^ tiu* while bethel j^rnuiie all 
tToublea hi tlie mutter of t'osialruetlon Rhoold he eudidr there hnve hoea mi 
ilelayti In the fuLllllmeut of all other eoutriicta for anpplte«.ninl tbe atone for the 
npt>T i'ti^Ty haw lieeii uti Imnd for i^^runil nioutbs. 

Tbe retarihLiLcm In the erect Ion of tills building ba« renderetl dItUcutt the 
adiDlTilsmitlen of Uio Museum. sSnc'c Uie urererowHllng of The present building? 
and oiitaliJe rented qtiarten? by tbe Imbiuiise uiisl Inralnnbte 4,‘oUwTtlupa bus 
Introdueisl several eletueiita of dam?er wbleh ean only' be obylnttMl by tbe 
iirnipalitT of the now stmrlom- 

Thi> rebuilding of the roofs of the pre^ut MoMuni bulldlngp wlthoiit ^^erlouu 
derangenient of the collectloiiaL vrns Bucti‘f«fully L-outlnuL-d* Conttoela have hL^n 
miide for tbe repInti^no^Jit uf four iiddltloiml roofs during ihe ntnv ye:ir* leaving 
LI lily Hie roof of tbe ceuLral rutiiiidu to U* pj*ov|dod for thereafter. 

Prugress wns n\i^f made Ln tbe bvjiatloa i^r iby si^veml exbEbltlon ImlU with 
Uiv view of obtaiulnfr gresiler fire proitethai. this w'ort coiuiljdlng In tbe filling 
In of tbe large nrthod ojieulngs between lV[& hulls vvlUi flreproof materials, ii 
plELii wbleli abonld he i^mtliiued each year to tlb* extent possible with tbe funds 
av«,llcLbk% 

Anumo^s TO Titu collection. 

Tbe nnaiher of nceessierw rceolvod durlitg the year, not Including the RUliJeet 
of dm liue arts, wiia eotnprlslng a tolnl of ubout liliO.tKX) apetlmens, of 

whEeb nearly 4,0lXi were anthropologlcai hloIogknJ, nnd over 1UO,OUO 

geoleglenl und poleoniulogfcnL 

1'be iiiiueijiiil iidditlotts In ethnology winic fnmi tbe Congo rt^loh of Afrlcrt 
iLoil the rtiELlpplue islands. AmuJig the more Data We smaller ones were bnsketa 
ami lat-c iif Malneca wnrkumiLHhlp, nure Chllcootiti htiskein, and nxamiiU^ of 
rich olil embfolilerhis. Tbe lucmt Imjiortttiit accessions In pmUlstorIc arcbcialegy 
eumprlsed several buhdred liupicmeutii, vessel examples of frihrli^ und laiBket 
work, and skeletal reJnalns, ubtiiliied tlurlug excavations nt Cnsii Grande, Arb 
xoim, under tbi? direction of tJu^ Sniltlisoiitini Institution, and a inige number 
of enrtbaiiwmre and stone objects of vnrltiuB kinds ktml uses froiii PamiLuiL t^*ata 
ItlrtL GtmtamnLfl. TTondiiras, ^fexIccL and tbe Rlole of Teinie^^ec, Of European 
origin wen* stone Imidemeuts and fraKuiuuia yf rEoDJuna-British urns from near 
Norfolk, Eughihii, nbd tint imiilemenhs from lat Qtll.ua, Fntnee. Exaaiplea of 
(ireco>Eg>'ptlnii pui>yrl aiwl other Interesting objechi were Hi^cnrcd for tbe dl- 
vislnu of hbdorlc iindieolDgy. The additions In piiyBlcal nnthrnfjolDgj' oousisted 
chlelly of a large serSea lllustmtlng the prlnclpnl types of nomml viirlatlon.H in 
I be human Hkeletoii. a iinndicr of Rknlls of Ibe extinct Huron IfnlianB, and many 
ppeclmeD!? Of the hmLas of various onlmala pnijiurud for eompamUre punw^^^ 
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Tbfl dlrlBlou tit ttwiiuoluey wjift ifffpeci4illy cnricb^d in tliis <ill flrtartna, 

amlaiy tlirougli tJie wurtewy of tho Wfif TMr cUtIqIoh c*tir po*- 

rtwai tSje laEfliorlcnl cnl lection In oilsteiscc of tbo rouikots* 

oto„ of the eolonlal period And the mintinT serri™ nf llio Natlotml Ckiv- 
ertimetit. Tbe tsjlioetmti is HuiHileuienteil by cxtcEu»irc slntu pitiieeiwT n» i\ bii.nia 
for a ixiniprotetfshc etuilj of ihv subjccL Other ootewortby coatrlbuHons to 
I be dMsIoti loehided n of uiodeln from the DepiiniDCDt of Uk> Interior 

nfpreaentlojr liujiortiiiit liLMtoriegi] Inventions, the efirlltwt dutiDR tTom tiefore the 
Cbrlstlon I'^ra; ti of of iipL'riimtQH deiEMHi hj Mr. KuiJle BcrllESer 

lllDstrjitloR InipurtiEtit piirly Eiups. lu the devuLopukent of ttio lelotibone; iind the 
Knatois Dunioiit nln^liip No. b. The dlvLslou of oorjunies reeelvoil lOJiuy Any 
jtfietJiiieus of fnoni -1 n end ibe 1!nl ted Stntes; the dlvisilori uf ^rapMe 

nrbi. exnmple^ of bind! nit by tbu St Hulx'ii I ■ ill Id of Art I'rafttoneu Eitnl of iroler 
pUntoftciipliy; ilic seetloii uf tiitEHifol lustrujuunts,. one of the uurlieet elinreJi 
orffimB broiiitht to this iwtlidry; nnd the sei::llon yf niodleitk^ ji KiThts of un- 
ler^'ed pbotii^mphs of the ninre eniliwent of jVjnerliiin idryHktnnK nml 
Tito tahstorlcml ei>H-B<rtlun& were htLTwutOtl by n ntuidtee of Imiwrljint «nd 
Inniirt, tho iiKMSt iMtewrortliy eonirtitfllnK' of sofoe uf the enyly pliji^IrsLl j^ppnrAtim 
di-vlAUfl by the Into Secrelnrj" UniKlUy, niiil tLkt nmuy luudnl!* iiud dlplumns 
fswjird'al him for bis liletlni^iBbed flervieM In the niivnneeiuen^ of sitrciee, n\\ 
of wbleli luEvc heeh LuntulJeJ in nii EtpiirufprlEite cuku In the hikll of LL^torj„ Tlie 
prlncipiil ni1jd3titiii!i tu the dlvlE?1on uf lilstorlL: rL4S|*loiiat eoueJiSted of ivco loiiTta, 
wimpr3i*bnt a eidkfrtiuii of hasojm, ntiiLilftji, aind eiiil>fo|derlf>k nw^l in JofrlsU 
relERTons life, ninl n Innte wrk^ of Chlin^^ mul .Tapjiin>j%o rofyirles. 

The traoNfern froni the- Hiimiil of FlHliorlen eoiuqtltutud In the jiRpr-^itc the 
princdiKiil aettHMEoii to tlie lifiinrtineiil of fa]oh;>i^v. Tlioy eouiprlikMl a lurKD tihlJue- 
tloD of uinrlne fishes nnd Inrertehnibv, with lend atilninls^ frous the 

dlADtiiGS# cruise of In the North Orenn and Dkhotslc Ben; ei;tenH[vi; 

i olleetkiiL4 uf JnpHEiese nnd Ilfiwullnu a ml hydruEds, ItvelnrJEni* 

many niTv and recently di^akTlbert HpeeJe^; over TljOCK) sih^dniciui of Afihi'a from 
the froiih waters of We^t Vlr^lnln^ nad other vulnnhlo matorInL yinj. E. X. 
MeoTUSp suTtb>nii, U. Anuyp who Iniii been stationed In the rhllipplne IshindK, 
fumarded tm exteuslvn nerlus of maimiiHlB, hlrdAp reptiles, anil niullnsks, 

obtainuit mainly on certtiln of the auinller nnd less- known Islatidii, and l■ontJlIn~ 
Ltil* Home new ^nert nnd mnjiy new specie 
Notewonby eantrlbuUons or mamnin]? were n5e\dvml frutn VencEneln, Catin. 
nttil ilio Kit!D‘SU rroviiteu of Chinn; uf hirths and htn|^’ from Cusln lilcn 
and ejiiowlmre; of Rod tHitravhlcinA from Etirujnv Pntniionla^ Cnhn, and 

Vli^mEn; and of flshibi from Anstmllit ntnl the t^bllippiucs, the lotlee throni^h 
the rbilippliiu ChuimhisEun tn iho SL tonbf Ksposltion. The total number of 
RjiecEmen^ Ilf flrtbfai doqtiired wmf abuot isr^aoci. The dlrisluit of inoltni^ 
ihhfnEuksI TMimu tWO fmm IIn^ Philippines niid Kasioru ^Vfltn, many befnR 

LOtypcsi of ic|ieeie«i ili*«.'rlb4j*il by Stullecidorr; u larve eel lection of fn*flh-wrtter 
fomm from the vlctnlt^i^ of WllmEnEioiii X. CL. IneludEui^ n Rood serEeH af the 
rare Plum^rhiM yia^af^rvi: and mnny Interesting land Hhells from Central 
Amerfe^i. The ndilitlnpa in rtitomoloio' i‘'>inprE^| fttSKut 44^000 spechiicitii, 
inelndinR 20.0(Kl of ik-iBlptera from Dr. T. li. Ublef. of BnlUmoiv; 8^000 uf 
IjopldcpU^ni from 5fr, Wllllnm Sehnnir, amj over 0.000* repeL‘sentiiig varlmus 
FTOupiH tttMDi the Department of AjifrEenlture* ItesEdes the tTunsfers from the 
Bureau of FIflherieft, the dlvlalon uf nutriae Itivcrtehrutes recurved extensive 
Aeries nf totnls frcjni ilawall and Fn-neL Suninlllnnd. aud 2as inlemFcople slides 
of aecp-Bon spdnRiut from Dopctor Von T^ndcnfeld. The helmlntholc^lciLl cullee- 
tton was IncreBsetl hy over iW speirlmeiis from the Bureau of /VulmnJ Industry 
and the tmbiic Flea lib and Marliuh Hospital Service. 
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Til* dli^liloD of pIftntB rertived nbont 'tT,000 apecimcM. mtilnly frotw i!m! fol- 
to?pI»g BouKes: The West Indlwit, and wpecJallr CnlM, over 0,000 spccEmen*; 
CentrnJ Amerlcfl. about 1.400 siwolmens: Mcsico. liihSO Il«' Philippine 

iKlujidH, r»,h7i : Distt'rlot of Oolurabln, nhovt 5.000 speclmeiM; from 

(UlTw^mt loenlltlei. tliwjuph the Depftrtmont of Aprlraltur*. over 4,000 sped- 
mciui; Ilk* prlvute herlMirluiu of Sirs, ,1. X, MiUlRna. of Jaekwivll]*, III,, com.- 
jiriRln^' nbout ii,l»0 tipoclmons; anil tlie eollcrtlon af the late Prof. T, A. 
WtUiftui‘ 1 , numbering about 4,100 Kpcclincns, 
one of the mfmt noteivorthy ucrtEfttoiiH in Bwilogy Hnwtsied of a Intge auioant 
(if iitnu>rlal otitJilnod by the head eunitor during uti Invest Itmtlon of Uott®. 

Arlzonft. The Geological Surepy rrmiHroltted a large euinlicr ef r<>cka and ores 
from Wyoming, Colorado, WBnblngton, Arliwmi, nml Maine, ami luuterlal of 
tliL' same clemicter ee wall ns'minerals were obtained fnun other snureea Tlie 
rullevtioii of tneteorite!i H'as inermnsed by eeven JtpeclinenK, 

Tim liilditlotei In pnlcatitology were eieeptionnlly lan;e imil vulualite. tlio 
iiwre tmimrtiiHt aoniprislnj! about UjJOOO Hpwlmens from the Pre-Cumbrlan, 
CnnthrlAu. nml Onlovlelon linriwns In th* Unltotl Btates, tmnaferrwi by the 
Geolwirnl Survey: the Tato collection Of about 50.«W apochuoiw from Uie 
I’tiloozole rocks of the Misalk^lppl Valley, iirul isavpnil bnmlred igiet'lmena from 
ibe Dcvonhlii of Missouri, lioth pre=(!tiled by tiuf non. Fnink Springer; Uie 
.Veitlarolh colIccMoti, rontatniug practically all of the maiy- lyiies figured la 
tiuit nutlior's KenlUtky Fossil JtlioHs: and na espccinUy flu* rcpreeentJitlon of 
the Sllitrlsti am] Devonian, fnunAS of ludlnnn and Kentucky. 

ExrtmuTioKs. 

While no esteiiBlve Oeld work was curried on dlreelly by the Mnseilmt aev- 
oral citwdltlons b<>lh for cclleetlng end ohst-rvatioa, were matle by members of 
ihe stnlT, bs follows: Iloctor Trsie In Marylnnd, Doctor Ptejneger In Virginia. 
Doctor Bariseh In North Carolina, Mr. Bean in Vlorldn, Mr- Ilnhu In Imllnnn, 
Doctor Dyar nnd Jlr, Cntidoll In Callfenilfl, Doctor Robo In Mexico, Mr, klaxon 
In Cnhti. aiwl Doctor Merrill lu .Vriiomi. Mr, Cbarles W. Gllutoro. of the depart- 
luein of gcolosy, w‘B8 sent by the SmIUtisonlaii Insttiutlou to .Alnshn to Morth 
fur tlio rciiinln-i of Inrge fowill inUmimilJi. vriillc Doctor RoM»kT nnd Doctor 
real* worn delnllttl to Held work In iunJunctloTi with the Gcologlcnl Sun'oy, 
The cKiileratloiis by ivhlch tins Museum was mainly lioaefltwl were, os Lereto- 
fore, tlHkSe of the Gcotogleol Survey, the Dejiortioent of Agrirulturc. the Burenn 
of Fisheries, oiul the Hurenu nf American Etbuologj'. Slcntlnn should olso be 
made of the persunnl Held work In lb* Phlllniln» of DoHor Mearn^^, of the 
Arniy, am! hi Malayala of Dr. W, T.- Alibott; itiwl also of tlic escnviitlona by 
Ductnr Fewtee nt Caai Gmnde. Arlrona, under a siiecbil act of Cntigrciw. 

cjuii; A.VD (riJiasincATKiSf ur tm cotJ-toTioss. 

The rcorBiinlswtloa of the osteoluglcal collcetJOH in phyt^lcel nutliropolinty. 
which romprljic* parts of nlKiut (ynJO skeletons, was cmiiEiletcd during the year. 
Doctor nnlllfku. the ns^lslnat cunitnr lu charge of this dh'lston. Ima carried 
on tflvestlEntloiiH rokilinif tu the eronln and akoIetoM of Iiidlnafl and the 
oning, tind to tbe hrain in the higher vcrtehrates, lucludltig tuna. .Mi eitca- 
nlon of storage spnew has permitted tlie clmwlfled nrrantpement of a much grenter 
numimr of objects of rlLaoiogj' tlinu beretotoro. Professor MtoiOii nml Dorter 
ifoiigli were malBly occupied In working up tliC othoologteftl colloetluus froai 
Mitlayslu, and the latter nlso continued the preparation nf his rei»rt on tbe 
Mn. 4 vum-Gntes espedlflon of IWS In Arlroan, and on the Pueblo collecHons la 
tfep Masetuu- Dtivtap Cafliuiowlcii Imft ei d(wcrSt>tlTe cicwunt of the exbJ- 
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bltlou of Je-wleh reilgloufl ritw and vrhich. Ii. jifoljaMy the flaiil in 

Some eJmngca n^^J lnj|inivcmenffi tirv to be noted tn the fftorrtge luni elBssEfl- 
ufltlon or sevoml prouiw i/f mamnm^a birds, Tlw FtyAtenautlr tirrnngement of 
the rewjrvc of ltstu?if tnin been tositItiQQd, and fair i^rts-resw JijIh tKvii iiaaile 

Iti the liiHtii lint ion of the he^v ayjiieiij of Ktcel rnebi and hnril-wo<al drawers 
fef InsectB. tTbe Inbellni; nnd replstprlui? of rnsrEnp le^'ortebrntes lias kept 
pace am nearly »s possible w Itli the Tmm vt material and mtieb hiiB lieeii done 
toward eompletiHig; the card catnlogee of Edentlfleil ppwlmetiK, In April 
ivfta aBalatiints were detailed to tbe Yiilo University Jdnstf^uin t<i In 

separritln^ the large eollertlou of luiirioe Invertebrates fn>iu ibe eerlier IlHh 
Coumili^toii esplorailonsi, which have renknlniHl In the ehnrge of I'rol A. E, 
V*prrlll. The first set of dnpIlcEtes will beconfe llie pniiTorty of PnfcfeHiwir 
Verrlllp the miorvo series aiad other diiplleau^ eomlng^ to ibe NaMoiial .Mui^nui, 
The rescfltebtirt by niumtuM^ of the Kfloloj4leiil staff and othors were extensive 
and Tiirted. the princliwil fliihjwta being btledy ns folSo^vs: Fossil eetaeeana, by 
Doctor Tract the birds of North and Middle America, by Mr, Rldj^w^ay: a ad 
tbofie of Melnyala ami the Uhliui Son, by Mr. Oberbi>laer: the nrptllfti of Japan, 
the Philippiacji. West Indies, and CcHftn Klca, b^- Doctor iSshen finmii 

Argentina, the Pblllpplne^. Jiiid the w'c^rt eojiist eif North Amerk'S, by peufessor 
Evenimnn: frotn the PhlllpplueH, by IMud and Mr. Senie: unti from ibo 
l^nelflc rt^loii genemlly by Dfurtor Junlan and Ibtetor Gilbert | n nmnoitrapb 
of the inowinitotM by DCK-tor [Jyar; X\w Pyrnruldellldaf of DreRon, t^y Uortor 
Dull and rkw^tor Barhstdi; crab* of Norlli AmorliA, ibe North Tba'idc OcCnn, and 
the Gulf of Slaun bj Itathbmi; iF«j|iuda of the North Pacific Ocean, by 
Doctor Itkhanlaon; the entire Muscnin njllectlon of srtalkcd bamiicles, by 
Doctor Plli^bry: the crlnolds from the North Pacific Oceaa and elut^wbere* by 
Doctor Clnrit, 

The sy^tcULfttSf rcurranRcnieiit of tbe bcrhnrmaj, which bas Inhsii In pirogreiw 
for several yearfl, was nearly completed, and oAt^orhnt-iibt were earrietl on look¬ 
ing to the coostnictloD of fireproof hcrhiirlnm eases ffir the now buildings 
Doctor eontlnued itodtCii on MexUun plniibs and the cacti, Mr. Jiiitaxoa oa 
Amcrlenn ferns, ftnd Mr. Painter on water tll!e«. 

The principal routine work In the detHitimeJit at Ri^degy comprlaetl the 
syateinatblag of the petrographic luaterlill recently received, the sepoputtnn uf 
dopllciHes front the rwn'e series, the mtovatlon of the exhibit loti merles uf 
mlnenils ami gems, the umingcnient of Ihe Pate and IrIrIcSi wSlecMoEis of fossil 
Invertebrates, and ihe working out of speclniemk nail: tike li&tlRnatlon of types 
xmd lllnfitrated spcctinetis of Ice^ill vertebrates. Doctor ^lerrlll. In collaborutlnn 
with Mr. Tassin, made studies n^un luetcvirltcs and UBScclated phenomena, and 
aiany specimens of rnlnmbi wore ld-QDtlfi€H!. The liivcstljmiloDs l^y Ducior 
Pasaler related malnlj to the hryozmi and o^tracoila of several gcfotoglcnl 
horlEons^ nnd those nf Mr, Gldley and Mr. Ulliuore to bath tuamnaallun and 
reptlllnn formuL 

KXIllEUTIQX COIXECTIOTTB. 

The iTow'ded condition of the public halls has rendered it Liupossible for 
ifeteml yeuT9$ past to make any inaterbil additions to the exhlhltlno coIiectTona, 
and practlcnlly nolbltiR ninre can kn* done In this direction until the new builds 
Ing has been completed. DitrlbR the past yenr, Irow-iwcr, an Interesting aurlefi 
of Npeelmons bna twien mnde acci^lble to tin? intelligent visitor In the Laboratory 
of phyaicni nnthropolo®'. A group of Itoumnnlnn i^eo^unts has tioon Inj^Ulled 
In the west hull, and n number of recently ucciulrod nittlfiuUles tuive tw?eu pro¬ 
vided for In the ball of ancboology. The entire colledJoii of llreamiB has been 
brought tofether Ju the cost holl^ In which dl«o one of the original Llllentlml 
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fljing omcblACft tiflft been Irom tbo roof, Tbe nddltlona In xooIpkt 

litTe coiuUiod t pfli niy Df manuDfilQ ftnd Insects, and in goolcK? of foasil ircrte- 
bmtes, rcwts, und wlnerBlB. As explAioed elscwliern. tbe lecture hall ift now 
temiwrarllj' occupied by tlie Ni!itloti4tl Gullery ot Art. 

Hisco.u^fEDnaL. 

Of dopHctite Kpecimons sejmriitiHt frona the cnlSectloiui In tlie course *>f 
recent ictrcfitlgnlJons, iibnut lU,0(Ki were dlstrStnitcd 111 20S sets to educfUloiniJ 
millkUKhiiicuL^ In illBTcrent parts of the UuSted Stntw and nbout 25,000 were 
used In larnkSiipr cieLoneea with cdtier estahlisbmenta nud with IndkiidoaliL 
Over 0,000 siwttiions lent to ujieclntLatH for stud^« 

Tlie pnblicatlonfi IiwuchI during the year were tbe nTinbnl rers>rts for 1005 nbO 
1000: volnnie^ :il mid 32 of tlie Prtx-eedlns*: the socond ifOliJiiie of Ballethi 
£2. evmpjotlojz tJw c^taloijuo of type and flKOred spiwlmciiH In tbo depnrtmeiit 
of sjvology: Fnrt I of Hdlletlii M, on the ninuirunls of tho Me^loio hoiiuilnrjr 
of tlie Uult&l States; Bnitettn on the families and sonern of hnUl ft supplc- 
nienl to Uullotlii 51, IjcIiik ;i lint of tho publlclitloiift of the Musemii frnm lOOl 
to tOOOj Voluiiie XI of the Cornt-haitloiift from, tbe Xattonel Horbiirlum, Wks tsting 
of ii Hlii^le pjii^er cotltled '*Tho Flora of tho ^ato of Washington,'^ nnd three 
ptirta of Voluiuo X af tlie sniiie wcrSffis, rein ting mainly the thotapy of 
.Mexico, crentrnt AtaorleUt and tho FblUppJne fslEinds, Tlw following bulletins 
wore In print nt tho clow of tbe ymt. hut were not liisued bUtH Qflriy In July: 
Pnrt IV of Bullutln fiO, the Birds of Xorth aud Allddle Amprlca: Bui loti n SS, 
noriietDioKj' of .tafum anii Atljncent Territory, Jind Bulletin 59, " Jtocout Mmlre- 
poru of the lIiiH'allsu Islnnds nnd tnysan.” A nnmlicr of liLairt papers based 
im'ixkllnL-tlons In tbe Museun] wore also printed In the Liunrlorly lesno of tho 
Sinltlisunlim Mlsccllanfifuws Cniloetloua and olsewhere- 

The additions to the Ilbtnty of the Musouiu ooniprlsed 2^l and 3,5d7 

tmuiplitecs and iwrIndIcaK The total uuiubor of pieces rctxkrdfti In tho Jlhmry 
til the oloi*e of tbt^ yutr was 30.307 vuluiuofl, 47.642 unbound pnpew, tun! lOS 
niunijficrlpts. 

Xi the Jamestown Ter-Ceatcnnln| BxpasItiDu, which optnod on April 26^ 1907, 
tlie subject nsslgtiLHl to the ^lut^udh namely, tbe nborigithih cnlnuLil, and 
imtloiiiil history of Amerlcn, bus Ikwn nw fully lllustmted as the means jiml 
i,pjiw js?ruilttoil Thu cnlleetlnii coniprl^ prdliEstorlc Indian Impleu^etits; 
repTe^^ubtatloiis of the an live artp of Alaska, t^orto RIto^ Huwftlh Samoa, and 
the Phllrppiim Inlands: plctnn^, rellcftt snd model* Illustrating the aifforent 
blKtorle periods! of tbo country, buid and water tranapartutJon, ibe Invention 
of tlie tolograplj and tolephone, sind the flreuiniR used by the flnltcd 
Amiy^ The central feature U n llfe-sJiscd group, deplctiug Capb John Smith 
unit bis men lb a snuill snilbemt trading for com nnd sklus with the Powlintnn 
indliibi^ nt tlw motitb of tlie Jnmus Hivor. 

Tbt‘ Muhouiix liRft ahs'k lukou part In the Intertiatlnisftl MfiriUmo Exposittun at 
Ikknleaux whlob oiw-oed on May I, ultbuugb the exhibit of tbe tJpllod States was 
not flunlly lustiilli?d until iibnut the 1st of July. Tbe objects supplied by tbe 
Muaenm cunsist of a n umber of irvodels Illustrating tbe water era ft used by thc 
uhyrlgibEr'a of tbe M"«flem licmlaphore and Ullhdnilions und models of the 
earlier BtonTt»boats> hietuding thofle of John FItob nnd Roliert FuJtom 
llespectfnily suhmitted. 

Ub:iiauii Raxit nu. 
fji Charfff of S. Xcftroiiflf Jifa^euW! 

Ikr. t^JiAAixa D. ’IVaJucott, 

iVcerirfrjr^ of tftc ^miihisonian [mlitatUm* 



Apfunpis n. 

HF^ORT ox Tin: BURHAU OF .OIRKTCAK t5TllNOLOGY, 

Ksat T Imve tlie l^wir to E^ubiult ttic rallai\ 1 »(r hejn^rt 011 tL*; oticratloii^ ot 
tlie Biimiu of American FtbiKilojc^ for tbo fleciil ^enr tHidiixig Juno 30, lOOT; 


HYSTEUmC ^EAKLIIlf^, 

TJio openitlons of llw RnrcLflu of AiiKSfU'nn Etlinoli«KF+ la Acronl- 

ttJico with the net nf COJigMH uinklo^ i>po¥JeIon for mutitinioH nMOLirobaf 
rolnUiif^ to tins AiaerlDiii Itidliius undof dlmrUtm of tlie BinUltstiolLUi Ini^tttatloii, 
bn VO cnrrTed fon^npii la oonforuil4' wtib llio plan (jf oponitlonH jipprovotl 

by tilt Secfi'tary July in, 1D0C« 

SyNttnuilIt etliDoIoj^lcAl re^rtbes ItaTo bwn prostoittd by tin; Htientlflt titaff 
of tbt Btitt>siWh oisistdd by n iiuiubcr of oollaboratofa wll<> Unvo tHH?a liivitiH] to 
mndnet iiivisstEgatlong for wbleh tliey were ospetlally qnnJlfieA Tlie |^titonu> 
Eitloatific vftntt Is Ttairicttil to 11 ^miin anjaber of Enmtliititora wIkw? floM of 
tflbdr Is atcts^anrlly llmlltd. and It haa alwaya bten Ibe m^i-y of tho Buvoaa 
to ^Idtri lt!i Bt'ope by tnllHtln^ tbe aid of spoiinllat? In various ImfHaftntit 
brantbes. Wbllo tbui iseoklng to cover Eii ibt fnllcpt powlblo tiintintr tlio wbok 
field of Aniortcan ttbanlogT* It bfi& wuipbt with pnrtkiillt oiifo to tbihaw only 
such brnnebes of rcMafi.-U m ore not od^iiatoly provldcsl for by oilier a^nairltfl. 
pllblSt or private. Tbc niftiilt iou^bt by the Bureau U tbo cotoplotlou of n Ay^- 
temeitlc niid welJ-rooniled word of tbc tribes before the cver-nccoJftraltng tunfoli 
of chuDfeTJ robbtiii tbem of fttelir oborlElnnl cbaraclerinUc* and onlmre 

Durim^ tbo year Twartliv* have beta cnrrtfti on In Kew ^IojcIcoh ArS^otWi 
Okinbomn, LoulslnDo. ^EllftsisElpph Florldn* New Yfirk^ ami On in Ho. Tbe field 
work bBs, however, not b«a so extcn«lvo m during mod prevlona yenrsp for tb& 
ToiMoii tluit n nttihber of the otlmoIoKliils bad to In* rdulatil In tbe oUlce to 
aasM In the coiupktlQii of tbe Huiidbook of Auierlenh loctlnju md In the proof 
Fending of reportfl paiaasimc tbmofib the pressw 

The Chief of the Bureau rentiilaod on duty In the e(Koe durlUE; uenrly the 
entire yenr^ Adnilulstmtlve duties occupied inocb of his time, but during the 
winter und Ejirlni? mnutlui he wau CttUed upou to apslst In tbo prepnration of the 
exhibit of the Sinltbsenlnii Instlttitlou at tbo Jamestown ExpoMltlon. ntul In 
April Id loAtnlllnj; tbla exhibit Tlie cumploUon of minicrouH unlclea for the 
llaCLdboak of American IndianR, the revision of vurlonri rnniiOBCTlptfl imbmlttod 
for publlentlocu nnd the proof reodlni; of reports and bulletins elnimed hla 
uttentiom AsIeIo from these oeeupatlodu bU duties as honorary curator of tbo 
departnjctit of prehlhtorle oTcheolegy Lu the Ntitlonnl ^tuseuni and as curator of 
the National CflU^iT of Art nb^rbod a portion of bis tlmeL The chief was nlso 
ealted upon to assist la fonnulatlag the anlform rules and regulntJoiui riajulred 
by the DepurtmentH of tbe Interior, Agriculture, and Wur In carrying out the 
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Pfovliions ot the Inw tor the preservotlon of anU^uttl^ to pos* upon vftrtottfl 
(tppllcfltJooB for permit# to i^rplore euioiiff Uu? fLotlqnltleg of Uno pobiic dooiala, 
Mltd to farnlsh datn tieedtol In tho Bc?]ectloiL of the nrelieolo^cnl flltea to be ect 
Hside iintlcmal iiiOhtl^eiitB. In nddHloji bo was able to gSve ftoioe attention 
to curryJnit fonvarO the ?^i'stcnintlc of nborlgloal tccbnolog;? and art, on 

wbicli he baa boeii guk^i^ tor scrcnil ycorM, m occslbSod QHcrcd. 

At tlie bOKl full Eli? of the year Mfk, M, C, StevciLsou. etbin^loidi^ Iri the 
Itidlan Tllld];e of Tiichc, New conttonlti]:? tier s^luJEce of tbo arta, 

Emaloinij, und Jainiftioge of this iritio tiemui durlni; tbo iirertom* year, Alrtioti^b 
tho ft till wns PO^v aoil the tradUJoupl confiervatisin of ihe irlLo Eondo iDTcstlKo- 
ttop tn certnlu directions dlffienlt of Impowtlble, inncli pro|rt^ was junJe^ nnd, 
wbeii tbo worfe is cbtuplelcd^ result^ of oxceptlonai value donbtlcsg bavo 
been otdaluod- 

Tn NofcBnber Mrs, StevciiBon vtHUed Saata Clara pueblo for the injrpoao of 
nialElnjt wtudlofl of tlic itouplo nnd tlieir culture tor ttimpckratlvo purivuswf^ aed 
otK&en-nlto hft were uuulo of I he fioclal ciiFtnni& nuil rell^iouj! obtwrvancca of ibe 
(people. Aftenvardit, ftevcnil were a|jcut Tii Snntii cxrtiiilnlug tbo old 
spaniBb. reojrd^ preserved In tlto arebUes of the liialorlcal Society of Kew 
ido^lcon^ wllli tlje vMt of lonrnlii}; swjuotliinff of tlic enrlj roiationM of tbo local 
^vitli the Spanish lavadera ui]d w1Ui their Spttniab i^ihlug^ eelgliborfl: of 
later tSiu^ Lute In NovciuWr Sins. £tteT%*ii»oli vlflited the pueblo of Slufib tbe 
rilte of her (oniior extende^l roseurebEa* auil HUeut soJue weeks iu eoni|detlng 
her atud] 4 ^ ou ccftalii pbascfi of the nellve ritual and vnarsblp, on rellKlons ^lytu-, 
Ipolt-Htn UR einlKMtled In pletosnipiiy atid eeraiulc und textile dcconitlnn, and In 
rbe revlrilou of her IlRt of plants empbyed tor fiwd, medicine, auddyca. Nmncr^ 
ons plmlugnipliiS ana aketchea of ccrenioolttla anil ceramanlal obie^-'to tvore made. 
A nntiilHer of cbaiiaeR wore nolecl In tlie dramas and other ecrcinonles since her 
Inrt vlfllt, nod Zudlp lieMotore preset ing at night the ijulel &jinbcmO«fl of au 
nhorlslhnj vllh^ge, has noiv, wdien tlia dunk tolla the npfjorinince of iin caklera 
town, with luany llghtoil wladowB, iire, StCvch*oo nato* that cbnn|?t^ are 
oreciping steadily Intif all the jHiehlos, Taos ]}crhA|ig exceptotl, anti la li>d to 
ex premia the on meet hoi® that tbe w nili of lo voatlga ting the towh-bulldlug tribes 
of tlie South west Ik carried fiiniard with all iwissslble energy. 

On April 1 ^Ira- f^icveiiRon returned to the whore, during the remalader 

iif the year, ahe bjis iHseti ongiiged In ttie preparation of reports on her ’Held 
fcsearchcsr 

Dr. ry™« ThuiHJiSH etbnoiloglet. \mn been employed Uie greater iKirtlon of the 
year In a^^latlng Sir. Htalge on the Ilanclbork nC Atuerleiin «ot only In 

ihc prepnratJnn of Rcpapato articles, hut ntsa Iti assisting tlw sMlitor on certain 
llocR tjf preof reading relating to oedIr^IouBh imifomdty Lu naiiu^ etc, Such 
time ns could ho aijarcd frinu these duties woe detotctl to the preparation uf U 
t'atatogue of B™>ka and Faitcm rcbtlng to the ilnwaihiin lahnids. For ttd* pur- 
poae tbo ConKrePf»Eona| and otlier llbmrlefl Lu ^'asMiuitou wen? eoiisulted and u 
Rburt irJts to Woreester auil Boiffton. Maiisaebtwettii, was mnde for the purpaao 
itf cxauilulng the libraries of tliose cities, wdihrh ftrf^ the chief depositories In tbe 
rntlHl Stotca of tbc early pfUhllcatloiiH of the iiil»slntiarleH In HawalL The 
number of titles ko fur ohtaitHcNj U atrfiut 2,0€O. Doctor Tlionm# assist+xl 
nlEo wdth tlK> ofUelal corrcspoudcoce on subjeeta with ivbJeh he is partleulurly 
tomfllar. iiifi attalhuients as a student of ancicut Mexteaii writings Imting 
ixroved of P(ieidat value In the examination of ecrtalu maiiuserlpts hi the 
Cuhchlkol liinguapp? auhiultted by tbe Llbrarluii of the ^MuorMu FhllottophlcnJ 
Society of rblludclpbhu 
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DtirlDC the Ibtler [mrt ot the previous Ji'ur, Id pureuDuce ef liU Hd- 

suldtlc fltndlef, Dr+ John a. S^vantoDi ethuolo^lst, ttas eogHged Id preparluf (m 
ED^cLKah'Kntcbcgfi oud ISntchia-KTi^tlah oiuil 7 tlt?al diCll(SlW.r^'> ciiitK>djinF all the 
piibltsbE^ nnd DbiiDlillftbeJ mnterifit availahle—ibul 3 b, oboDttwo tboutaud word* 
jLoa phrases; 1 m> slm eoplcd ou <?iirdfl all the words and phratiefj colloctod by ttwi 
lute Doctor Galschet from tM Attneapti, Chltliusclui, and TurtSca Indlaiift. At 
tlio h*r*,diiDliiff of the fiscal year DnwtEir Buoutoii wns cuguged In cotuplUp^ a 
dlctlopur?^ of tJM? Tnnlc^ laagustgG alnillar to thiit piade for the Nalcheac- Tu the 
neltl ijf |ifuu?ral etlmoIoKj' Ih^ oxeorpted ami. w'beii iieM»*ftry, traosULted, nil Ibr 
iivnnQblo uiiiterlal heaetn^ on the tTU*& of the lower ^lEssisalppl Vnlley. tiud 
iirrciugid dor puhllofltlon tluit portion djeahne vr\ib the NoleliaE, 

IHt Aprlt i be left Wanbilii?tiiu iti mnkv lions eldiou^ the tribal rem- 

of Louisiana and Oklabcmiji+ and Tisited Ibe piemhern of tha Uoumti. 
CEiltliuneha* Attflcapu, AUhmiip, BLIoxl, Tunk'ii, mid KEktctn^ trltios. and waA 
alilo definitely to astabllab tbr ridfitfonshl|i of the Hutmei. lo the Ohoctaw nuii to 
Itlenllfy lilts Onsplo—fl ffinall peoplo referred to by the aufly Froneb widlMs^ 
wiih like Offagoula. Frum ibe Tunica uiid Cbllluutehn bo collecOsl sovoral 
Bloile-4 wldcli will Ike of Imikonani^o In the cnileavikr to rcHtore tlie luytboluKy 
<if the tribes of this nrent bow uliuoat a hlanlf. tn the Cberukee Nathiti tOfcbi- 
lioai 4 i)> liJDtmry Ut exiHictatloUp Doctor Swanton fonDii wiveraj poisons w’ho 
still iHS^nk tbu Satch^-a bniftineo. Thin dJecovery will uecesaarlly delay Itie 
faiblleutloii of tbo Natehex miiterlal already referred to, lint If prompt ineasiires 
are token, will hMure the preBertntleb of ttint lan^a^e In Ub eouiijletenef^ 
At Enfiuda (Creek Xatlon) be Dimle a s|(|ght Lnsestlsntlou Into the socdnl nruiLDb 
Kutlou of this Criwts—eiKiujib to deteibiilne ibnt miieb work still roujaliis to 
dona ill tbiit trllke efiUmly apiirt fmm languflip?. Doctor Bn-niitau retnrinjd t - 
ilii> ofileo JuEH? 7, aiul ilurlug Ibe remainder of tbo year wjis en^ged In nmng- 
ing and coUatinir the inalerlii) eollistted by hltD. 

Dr tValter t'ewki'iSr t'lhnojoirlat, was employed lu ihc oOlee during tbe 
ilrwt month of the year reading proofs of bns nrtSeleti an Trhe AborlMlni?* of 
Forio lEleo and Nelgblkorlng Islnniis and on AntSfjuItters of ICnBtern .'lleitoo, for 
the Twenty-fifth Animul Rejiort of tlw Hureau, Part or August and rU nf 
Scfktenilkcr wero clevoti'd to the prt^pnratloii of a bulletiu on tbe Antkinltles of 
the Little Colorado, lie spent stCven biotaths In Arlsami, leaving WEPditogtcm on 
iXToIhw Io clad returning the middle of May, During fuiir tikonlhs he j^uiw'r 
Inlendetl ibe work of cit-avaiUon* repair, and preservation of the L^asa Dfaiiyle 
RuLti, lu Plnul Couuti’. Arlxoim, nnil In ^larcb and April viftited a uuadker of 
llttle-kiirown aud undeserttkod ruins a Jong CnnyoD Dlnblo nud f^niiterine Can 
yiju, guthorlng ninlerlal for Ids bullet in on The Autli]ult1rf» of tbo Llltle Colo^ 
rado Valley. DutIpr May and dune be wils euiidoyHl In the oint'e, dvvEitiDg 
his Dme to the prepamllon of an account of the cienvutlon^ at Casa f^rinde. 
The exiktoniliiki]s nt Ontnde were itmdiacted under a speelal niipeiaprlnllou 
iltshan^d directly by lb& S^mllhaoulan Itottitulleu. Rial Doctor Kewhes's priy 
liuilnary rep<krt lins laica aubmlMiHl lo Ibe ftecpelar>'. It Is aatlidpntcd that ci 
dnal rt^isjrt ou Ibe work when eotnpleti->i1 wdll be pnbklsbisl by tlie Bnreatt of 
AmvDi-Un Etbnolof;;?^ 

Mr. J. X. Bh ITcwitt was occupletl during the earlier mombs of the yeair In 
pre^kfiriug and correcting matter for tbe llandtKKrk of American Indiana, ikwot- 
liig FptHMfll attention in the an Idea on the IrcHiuoinn family^ IroLinoUi. yiobawk, 
l^lautoiJir. aiylhoIojffT ^^amitioabOp Nculralfi, Oneida^ Onanduga, and Ottawa, mid 
IH iho l!«ts of towns formerly Is^louglng to the IrcHinotB trlb<^ 

Froni the 3blb of Jnau4ry to tbe Shi of Mareb+ he was engaged iu 

field %vor3£ ahioiig the Irtxm^ds triUst In Nw York and In Ontiirkk, Cauada, 
The entire pertoil was deroted to oollectUig teals tn tin:? Oneikdagii ami Mohuv^k 
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oinbodfluiE ihft lirIncSpleF natl tbe elTll and political KtmctDw 

and orsamlintlpn of the Lpapw of the IrootJola and dnta relation th&roto. Tbo 
Oooodttgii test# flegrefl?nlo aliout 2t;.955 wonI# and tlie ^lobaurk testa about 
words, CDuktDg a to«ll of 2T,4^ wonil?U Tbo followliH; enpUnttfl will 
Iwllrate BTjffluioEitly tlio siil>|oct-ioolter of these texts: The CanHtUutloii of the 
Ui-J!|?ue, tike l^owera of tte T'bndodtt'lio', AmCiiidtOCUta. Powers imd EiKlite of 
th.^ Chiefs. Cowers ami Right# of the Women. Poivors of the WonicP Chiefs, 
pfoeeduro on FaSInro in SnccesHslom Powers oQil nefltrletloTis of *'Pitn* 

VblofsH Pi-otredure In Cnse of Slurder, Address of Condolooc-e for DeiitU In ii 
CUiors Family. ForesH>dKe Cbmited Address of Weleome, Tbe Chant for the 
tk’ 3 id. Interiirctatlon of the Fuhdamijiitjtl Terms, Peaet\ I^>wer, and .Instlcei 

Mr, Hewitt nlflo eonUnntxl hi# duties aa cjustodlnti of tbo eollection of lln- 
giiKsEtc iimnnacripts of the Burean, tbi^ oompletloii of the e^tabifuo of whEeli wna 
I ntrnstL-d to Mr. J. B. Glayton, head clerk. He has also Ijeetl i-allM npoa to 
funaiNh dota for the corfoapoudence of the ofltce, more partlcdlarly tlMt part 
to the Irot|uoflin trlbyi 

air. F. W. llodiEe. ethneloglstt hju hoen enicn^l during the entire ywir on the 
Unndtmok or Amorlcnn Indians, tho editorial wort of which has proved ex¬ 
tremely Jitdnops finil dlfllcuit. This wort Is In t^vo part#! Part I, A—M, whs 
Issued froin the prt^ In March laErt. nod the mnin bot^ of Part H was In type 
ut the elo^ of the fteent year, thouph ta proof reading wm oxcwlltigly 

slow m tkccoinit of the KreJit diversity- of the topics troated and the dU^culty of 
brbKltkg up to date uumbors of artide# relating ofteu to ohseure tribes and 
imhject#. 

During the tuntlro flscaJ year ^Ir. Jntiios Mooiioy, otiinologlet. romatawj lo the 
olflctN occur led chiefly on the HEindhnoh of Amor lean Indians end III the elaa- 
fddratlon of the large body of mateHal previously obtained relattng to the 
tribes of the Orest Plains liln cxtewilecl article on lodlaii ^tl^lon#, written for 
the BandhcKik. haa boon mnde the subject of a siM^eiai reprint, n arnnll edition 
of which wan toued by the Bureau. Mr, .Mooney hha also slven Tnltinble 
nAKlfltanee lu the eorrefipoEidenoc of the Bureau, niore ospiL^uliiJly that portion 
njLatbig to the JLiusuisKes €kf the AJeonjinlan stock. 

srivCiAn 6EBEAnoiirB. 

For a number of jeare Dr. Fraux Boas, by ft large corps of ifngolatB, 

has tkseu engaged In the preparation of a w'ork on the Ainerii-im Inoguages, to be 
putdliihed Hi* a bulletin of the Bureau, entitled ** Eiiindlwok of AmetU'au inn- 
gnHgm?/' aiiil It Ifl expected tliat the n«iiiui*frlpt of the flrat port of this work will 
he flubmlttcd for publication at no early date- ^rtiens rehttlug to the languages 
of the Eskimo and the Iroquois nlouc remnlti incomplete. Baring the suauner 
ef iROd Air. Edw'ard Snplf wan engaged In uDlIcctlng data for thp bnncibook on 
the Inngtinge of the Takelmn tribe, located on the Silctx Agcnc 5 % OrcKua, and 
tnwnrd Uic close of the yenr Mr. 1^ J. Fmchtenberg began Blmllar stnille* 
jiiunUK the Tiitelo remnant on the Tuaearem Re^rvation^ Ontario, Canada. 

Beporta of the discovery of ftKaJl remain# of men of extremely primitive 
type la the vicinity of Otiiabfl+ Nebraska, led to the ns^lgniuent of Of* Ale^ 
nrdll^^kn. mrator «f phytdcal aothropoiogy in the National Mnscnm, to the duty 
of visit Log the University of Nebrasha. at Lincoln^ where the reoitilns are pre- 
eerred. and aliio the site of their oxhdmutlon. Tlic exnniinatlonfl wore mcidc 
wltti tbe greatest care, and the resnlts arc embodied In Bnlletin 3S of the 
Barenn, which was lu prest at the clo«e of the fiscal year. The eonclnslcin 
reached hy Doctor Urdll^^a w^ith respect to tbo age and eharnerter of tb<«e 
reran Ins Is tiint they are oot geotegf rally nueieat belonging rather to the nieuud- 
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biindE&f jierlofi Id tbo ^SI^IsEiTppI noil tllfit* a Dumber of th^ 

rmniii are of low typon this vrua ci clmnicterlatl'c frequentl]: appearlsp^ jmjoDjj 
otnuparatlvetj^ tEtouod'bullJlnij trlbra. 

At tlie bef^lnntai; of tbo ijjioal ^ear tlio Burefiu was fortnnnti^ eiiouifli to outer 
Into nmiiiseineiite with Jt'rof. li Boltou, of tbe UDlveii&ftsr of TexaB, 

for tvoordlug tLo lit^tory of tlie Texuu tribes* Durlu^ tbe early blatorlcial 
pcHocl the French coutruHed and «iiue Into Intlnmte relciUoit^ with the iMirtluirD 
I'adilUfc heuoL' the early liletury of tliJa irroup la ti» be fotiml chloHy hi French 
i\Tord«; but with lliifl DAoeptlon It la inalnly In Sponi^li recorita, Butlltoretl ntnl 
nlmiivt wholly anprlDteil The^ facta nuUie tho toah hi eroEi^ geitau a ptoureer 
one. 

The Spain lab ninnuMrTlpt fuiurcea avallahle to Profcaaor Bultoa ami upon 
which, aalcle from Iho printed FroDcIi sourcna, ho hua Ihuit far uinlnly drawti, 
conalb't of (1) ibe Bf^xar archives, a rich oallectloD of tierhapM 3UOHi)lX> 
of Mrfpduol mannscrlpts tbnt acnuutllntctl at Atiianlo dtirins the Spotiloh 
ciocuinLucy, and dow Id the UDlvCMrslt^' of Toxaa; |2) ilie ^acogUodus arcliErfs^. 
a almllnr but much fimnJler coltoctloD that acciiniolatod at Nncoi^loehoa aad 
which arv now 3a the Stale niatorlcnl Library; the I^ninr pupetrsK a sur^i] 
c'ollLXtluo of ±${ianlsL ajaauoertpm i]ni.r In private linnda; (4) diIbi^Iod rpcorthr 
pri‘9Vfvci1 at the roMldouce el the Bishop uf Snti Antoalo; (h) coplt?i nf dom^ 
nival,■« frcnu the Archive tlouornl u| Mexico, helongluft tw the Unlverjilty of 
Texns nnd to Frorfs«fof Boltou^ aad (ilj the variuiia MexleaD nrchlve^i, 
tliese have Iw^eii eatraeted u gfcoat iimny notes, but mueb materlat yet reainlna 
to Ih? exiiuilneiL 

During the year Pn>re»wjr Bottoti'a efforts ttnvo taken three prlDelim) dlree^ 
thniii! <1) lie has aysteinatEeudy nikd fully iiulvxech on about lO.OOO cants, a 

Ijiri^e atanual of tbe earlji' inaterhil. Jucludlng tribal, Inatltultaanh lingulatle, 
htetoHcihil. and other da in on the whole Texas fleliL (23* From tbla material 
a hstila he hns written many brief aitlclea nu trlbea aud missions for the ilaiol- 
book of American Indlatbir ngBcegatlng about 20,000 wonlfi. (3) While In 
the analji'ala of Ihe imlterinlv aiKl Ibo mE^klug of the Index carda he Im coreml 
the whole held. In the Una I w-ork nf eonalmctloti he has begun the Caddoau 
tril^ i^f ensteni Texaa. with the dCfdtii of treathig them oeparately^ In this 
work rrofessor Dolton hne made commenilabie progress, lie haa alrenily 
written n detailed deacTiptloD, conalstiai: of about 40,000 words, of the lnHatlon. 
Hoclul nnd palltleal orgriDlxatlon, en^Ditomle Kfe,. relief do, aud eeremonlal of the 
Boalnal. cntfJttinnly deslguaietl ^ Texas," ^ known and described by the earlEeei 
European cbronklw. ncedmiiiaoleil with a laati. 

The task of writlto? a history of the Texjia tritMS Is a great one, and oja be 
lierfemied only by long and painstaking effort, hut Itn ^uece^fn! nrcfuopllHb- 
inciit promises an Impoftilnt addition ti* onr know ledge of the on tire Amerloims- 

msl^VATln^i Of Ax'^TiqUlTIESJr 

With the ebjeel of aaslatlng the depurunenta of tbe Goreriiment having ruB- 
tody of the puhllc dcffliiln Id the iDlllatlon of EneasnreB for the preoervutlon of 
the antiqijltles of ilie counlLryp the compilation of a descriptive catalogne of 
an tiquities baa Ipoen con tinned, and die prepurutlDD of huUe ttim having the ajinae 
end In view baa alfio received enjir poiwible ntteatlon. Bnlletln AudriuldDs 
of the Jemex Plateau, by IMfulr L. Bewett, was pablitbed and dtstrlbuled dur- 
ing the yenr. and Bulletin 35, Andquldeft of the Upper Gila and Salt Elver 
Valleys 111 Afiftone and Xew Mexico, by Wnlter Hnugh, wjif Id pa go form nt 
the close of the year, w^hlle bulletins by Dr. X Walter Fewkes, an the AntlqtiE’ 
ties of the Little Colamdo Valley, and Btlgar L. llewott, eu the Antiquities of llie 
Mena Veitle* ColoradiOs wetv In ooume of prepamtiom 
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The mm of ^.DOO^ upprrT'rtnlfld by Congress for the exe^THtton, sud 

nresmatioft of CaBJi Grande Hnlhr In Arlrcun, was disbursed W StuBth- 
Honiaii Institution, Dr. J. Walter Fewh^f. of the Burenn of AmerEcTnTi Etimoloa:^, 
haring ebiit^ 5 e of the work. A brief preUtrdHUiT report on the first yenris operu- 
tlons wU\ fippeur In'the tiujirterly Issue of tlie Stnltbsoulnn Mlj^eenunei^Eis Cd- 
lectiuuii. A Beeond ar^TOitrlutlon of $3,€HXi Is provldea for eout Inning the work 
tlwrlti!? tlie eoEulDg yeaf- 

Jluring the yenr nnlfenu rules and leguIntlouH Inteudeil to serve In earrying 
out the rvcently enneted law for the preservatJen of national mntiipiltlo^ tviire 
ri;aTnulflU>d and adopted by the tbm? doparLnuints haring e^introl of the imhlle 
doiimln, tender Uiese^ on rcconiiiiotidatlon of the Secretary of tbe SntUliSobJan 
Institution. iNormlts were Issued for eonduetlng eiploratloDa on liidliin resorvo- 
lloiis and nu Ilona I foists In Idnlio and Wyomlug, by the Auierlenn ^luienni chf 
Natural iTEslory. New Vork, and amoag the ntlflunt rtjinu on the public land* 
In Navalio nnd Apaebo count lee, Arlxonn, by fbe Utilvereltjk' of California. .\r- 
razigeiueiite wen? also ntada wdth tbp Interior tHu^i^rinieiit for can^'lug on 
explorations nt Cjipu -Grmidp Ituln. Arizona, by the ^sinltlusonlitn JiiBlltutloii. 
TTuder liic same law daring the year three Important aivheobiglGiil eltos w'ere 
iteelared Jiatlozial EQouunienla by the Pric'dJdoot of the Ccilted States. They are 
as folSowH: Chneu Cnnjon, In New^ Mexico, lucludlug seTeral tnst‘®'riwat nilDod 
puetdoe; El More, New ■'t^aamonly koown as Inserlptian Hdckt and 

Monle£Uij]a Cnstk^ lu Arizona, an InijHfrlant ell If ruJn. 

cataukiue <ji^ niKuuiEnrxc uAfliraotneie^ 

Tfk? nrcliKea uf the liureun euutain Ind^d rnaauwriptH. lujiinly linguistic, of 
which only a tmrflnl eatnloi^^e bud previously lufen made- 1 h Jniiiuiry Mr. 
J. B. Claytou. Itend olerk* began the prepnmtlon of a oard cuEuJaguep which was 
ccimpli^tetl at tbe clo^ of tbe year. The iunnajserlpt."t were joekeUHl In manlla 
cnvelofkc^t (jf util form slie^ except vviiore bulk provetiiotb ami wore uiaubored 
from T to KE^tl 

Tbe catalogue comprtfwfl Hhotit 14,000 eanle w'hVch aa rotupjetoly its 

araliable dato permit, ibe namofi of fitoek* language, dialect, collectnf* aud local¬ 
ity, ns ivpll as the date of tile uuiMuseripL U wna not possible in every Sijatanfie 
tfp aiipply all tbe liiforiuatlou called for under tbe»e heads, hut tbe card brt>* 
lieeti lunde us complete Id euch cane ns tbe Infnrinatlon permitted. Tbe cards 
have beeti artnugi^ In one alpbabetlcal eerlcf^ the names of the lunguagL'^ not 
oiity under these lahknage* In their proper ulphabetical place, but also alpha¬ 
bet ktilly under tbelr Btocha. Under tbe iiauie of each coUedor his nuinturrlpts 
ore Indexed nuder stocka* lougiMKesi, nnd dtniecis. The data fn rt*garil lo 

place" oro very deferilve, and <inUe n number of the niauusctlpts are frotii 
anociymouii nounw, 

EOlTORIAn WORK- 

Mr. JoEasph G. Gurley, w|jo was ai^poluted to the p^B^nu of editor for a 
pnobBtlounry perlfxl ifurlng ibe previous year, wus permruiently appo|dt«l nti 
August ld> imL 

Tbe edItnrJal work of the year may t>e nunimurlzed briefiy as foUoivs: Tbe 
proof rending of the Twenty-fourth Annunl Iiepori wms completed and tbe 
wnrtt Jidvnncod to publEcatInu. At the doae of the year tbe Twenty-flftEi 
AuDiwl WAS pmetlcally finished, with the oxiTeptian of the preaswork. while 
the Twenty-sixth Report waa In page fnrtnT that the work was practhally 
ready for printing. Bulletin 35 was completed and publlflhod early In the ycur, 
and Ballotlu M nJso bus been Issued, rullellos 33. 3d. and 35 are In type, and 
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tbe proof refldlniT oti BialletJns 33 and 35 bfls progrets^ so for tMt they can 
toe put OQ ttoe at wi e^arir- day. 

For ntooiit tliree tnoatlia ttoe Homii tooo toad the etOeleDt ferrieei of Mr- 
StBtiley who won ^?c^nrteo□l4^y detallofl for the pujTwe fnoa^ ttH> r^not^f 

reaiOlhi; forc^e of the Oovemineot PrlotJnj; Oflico. The edftor \ms asHlutod ici 
aoase oitent hi tLo pjtkif-mdhsK t^f ttoe TTumltiook of AioerlciiD Indloos, Qullotia 
30. whkL Id lu ehiirge of Mr. l\ W. 

Durlo^j the year the Toierity-sSlEtb AOntlol Keport anil BuHctlfi!^ 33, 34, 35. 
It ml 'M were ffirwiifiSeil to llie E^iblEe l^l nter- BullotLiof 3l ntnl 33 were puh- 
llatied [u July. PEirc 1 of the lIjiiidUKih of ■i-VmerIciiu ludlaDJi ^Bultetlti 30) 
appcami lu Martto ami tlio Twouty-foiirth AnDoal Itoport in Xlayr tliou’ 
Mliicl copies fti the tAat of Poblleatloiu of the Bureau (Ilulletln tKt) and &m> 
OOP led of M specljil article on Indian nilPaLona were Ui^ed In .Tnue. Fifteen 
iiDthdred of ttie Twon ty-fourlli Anmial FceiH>rt nml the an me mitnlter of 

Bonetin 30, Port I, and Bolletln 32 wore *ent to re^toir reel plea En, AtKmt 
copies of Bahetln SO, Part i. amt iioO e^viiICts of the Twenty fourth Annnnl, 
aa well tia nuiueroaia bulletlim ami jn-iiuratea, were lUHtrlhotecl In rss^n^e to 
apeelal reqncsti^ preeenteii for the luu^d part toy Memliera of CV^uijrew. 

The diatrihtitlon of pOtohciUlOnS was eontlnnei! ns In fortoer ycarsL The icreait 
Inereoee fo the nniwlHT of lltorurles In ttoe eonntry um1 ttoe mnlUpIleatJoh of de- 
nmnilia from ttoe pulillc! jreneraJJy tonve resulted tn the alniost Immedhite extoaua- 
tloii of Etoo ^uai^ of volumes C^^kIW) alloUcd to the Bureau. Few copies of nny 
of the roporta rexuain six mouths after the djtte of Issue. 

tolSHARY^ 

The JltoTOiT retnfllna lu eharige of Mlaa Ella l^ry, wtoo wa-i nble to torius tlm 
aceffsaluuhiji^ ntnl ddaloptlnjc of hoolta. immphlets, nnd perluak^aJs up la date* 
lu all, there towT© been received and nworded daring the year 7e0 volimia^ lA!t)0 
petnpbJets and ttoe curreut laanea of upward of BW periodicals, whl]e obout 500 
valumea have been toonnd at the Oavornment Printing OIBeB. The library now 
coutaltiii volumes, 0300 paiupbleta, ami ieveraL ttoonnand copte of jierl- 

odlcEiLa will eh reinte to iinthropolo^ty. The purehaso of Ijooks and l^Grlodlculis 
has been restricted to fjuch na relate ta itnlbropotog;^' ami, more Ofitieclully+ to 
^di UA Uave n direct bearing oa the Aimerlttiu nborlBluea. 

CaU4CCTIO!f&. 

The eollectlon.4 of the year comprise lorgia sgfiea of obic<lB obtained by Dr. 
J. Walter Fewlcw, in hEs ercavatlans id Cnsa Grnndo flnfiLs Arl:£ona, mndmW 
under tEic immediate nufiplcihi of tb© BniltlnADlan lofltltuUun, aud by Mt% ^t, a 
atereusou In Zufll imd Tm?« puchios. X€!W‘ Maxleo. 

Some of the minor colleetlons are a eactoa of atone kuife blades from tlie 
rlelnlty of Tenleytown, DlalrEci of Coliuubla, obtolnod tlirnn^b tbo tlndu^ of 
Mr. e a Glorer; a series of relics (fregmentB of pottery} from th© tempi© of 
Dlnna at CbltootOp prascuted by Mr. Hobert C Xlghtlu^k; relics from ibe 
shell toeapEf of Poj^ea Creek, MBrylaud, presented by Mr. S. K. Morris, of Foulk- 
ner, Mnrylnntl; and a number of ittollD Implements and nudniBbed soapstane 
ntf^i^llfl from the nnelent qua rrlea on Counet ticut qveime eirtended, Wfisbliiffton 
IMstrlcL of Columbia, colleetcd by Mr. W, H. GilL 
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nXUSTMATTO^B. 

Tbo dlTfaloD of llltiFttniclotuf wm, nn In churii^ of M^. De limceF 

Gill, wiso wii« Mr. Houry WAltber. O130 hundred ittid dfty'tiJde llliia- 

tnitloDa wore pret 7 ftt«d for Bulktin^ 30 > M, ftnd anil a large niimbor 
tkf proofs of lllnstratlone for tho viirioua roluine^ yv^re reud end revlaoiL The 
photograplifc work locliid»l the nmktnir of 2 TT oegattvas required In the Uliuc- 
tmlJoa work and lOO portrutta of lodlutis of rli^ltlng delcgntloofl. Kegotlvea 
deroloped for ctbnoIoKlsta returning from the field oonibered fifiL Daring U10 
y^iir a total of II^OTS pbotogniplilp prlohi woa miidi:!^ 

Alboft SAmnel Gntficliei; a dUUPiul:Rhed philologlat md othuologUh tor 
tnjujy yrars oonnoeted with the Baremi, died at We lujiae In WiUflilti«tQa, nifr 
trictof Columbln, March %% lOO^, A aoltahle notice of bla career will he fotind 
in the AnniiaL Beport of the Burenti. 

" Bcspecifuily auhmitted. 

W. H. Hdlues, €hie{. 

t>f. CriAttijra D, WhWOTf* 

Sccreiarif of fhr SmiihMtmian fa^Ciliiflo*^ 
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Atpentux in, 


BEPOUT OS THE 1 XTElLNATIONAL EXCHANGE^?. 

^ 1 %: I ttu? houoir tp aubnilt tlip report on tlio cf 

t!ip tbtcrBittloiiiil Exeluiiige« during; rlw (!»€n 1 eadL^^ Junp 11>DT: 

TliC Exd4Jiii^ ivhasQ t^xEstoiin! Is iilrnojit eoovni witU Lbfit Of Uic 

ZnfltUtitIpn. yvnn. iirEi^tnnlty ilLHtlgnod for tlie purpose of nxelitiD^n^ ^mlllisiMilnti 
jmblii^tlofMS for of leuroE^ ttoeioEea nud nDlvcrBltlcA, Tbrottfirti ibe jietEixn 
of Cpnm^*^ n treiity uc^liEitml witli varEaua forel^ eontitrles^ to whlrti 
nmiiy niilloiu* Ujive rflooe iidlioretl. It hns tiecoiue nn Ijuporiniit IntomatlnTutl 
aipeiiry f^jr Hip exetinnp^ of Kovermneiitid, BPlcntEntv jiml Itternry publlcntloiu; 
litkil 1^9 iutPUdPd to tK'npdt lustltutlonit in tills oouutry nbiviini, sgm lng ii$ one 
of the roont luiiiinrtnnt nipoiia for c^irrylf^ oot il fiunlunioutfil purpose of Hie 
Tmtltutlopp ^ Hie diJ¥udl0ii i>f kumvledge omoc^ uwml" 

TUe conduc^ic Ebt operations ou bobs If of nJl hmuebc^ of ttila Gor- 

OTiiTneut, and reolproeally rwelves the eoopomtloii of mmt of ibe DepnrtiupiitJi 
Jintl Bumtis ol Woililngtou, I distre, bowiii'er, ogpeelally to nientloQ tlio 
f‘?t|iipi;| eoApemtlon of Hie Deportment of Sttiio, wlileti unfullIrt^lyH wlnm 
tiHiuPstOdt tnkoA action, throngli our represenlntlTca tibmodt od beliulf *)t tlio 
Mirrlce; and of Hie TrpAsury Doportmeut which, by Its Instruct Iona to oollcetopf 
of custottiKk erectly fucHlintc^ the exchanee work. 

Itji oppCmtlDnn liovp Ikwh i^lously carried on. durlti]? Hie yenr by the esperb 
enced staff that boa Imkhi ipitlieroil togethor Detnils of tho regular work are 
glToo iHeiflWt to rt eumiSderuble pjcteut In tabvlnr forro, bnt before prooecillnK 
to them certfiJn escepHohnl UioiterB nre brIeSy discuiweil 

The umount approprluted hj Goisgrtes for Uic PXfienses of tho servlc?e during 
the llseiil year llWT was |f!2S^S00. ntul the warn oollcrted on ocrouTit ^sf repoy- 
Uicnls during the sumo perli:Hl woa mnking thr: total nvnLljibEp re- 

iiuuroe$ for eflryj'lns on the sy^em of lutemntlonfil l'jEc!iiiugt? 7 i 

The f^llmeite submitted to Congreeis for conducting the service during the 
ypop ltW8 wns ^.200, fin Increase of $3,400 over the current oppreprintlotL 
It Is grfltlfylng to state that this amount Tins been sillnwcd. 

Tho hnprnvPioctitM uud ohauges fn I he pleelrto wirca which fnmlsh light fur 
fZxclnLuiu? j^OTrlco, reforrofl to In the lost report, hnre heen completoth The 
wlrcfi were plueoil In inPtnl p1p€^. nnd the IlnbllEty of flru from fhts source Jn 
now reduced to a minimum. The uppennmee of Hio nfflcp rooms Iltib been much 
Improved hy tlio pslntlng ef the walls, woodwork* nm) doors, and Lbo hungtruj 
of new shades. 

ttiw-b It is considered that nenrJy 2,fkX3 Imxen linve l^eeu shlppn) during ibp 
year to evor? quarter of the gloljc. Hio stntemenl Ihiit the sprylce bus not 
suffered the Ices ef anj- of ths eansigumettt:^ Is noteworthy. 

A closM? snporylsloin lum been kept over cntrlei^ of forelgti consIgnmentA of 
horilfs lit Uic <ieonu?!town cu&tom-lioiise and over the nuctlon salpH of nil tlm 
pHndr^l ports of the Uni toil States, In order in prevent. Jf iwuslhla. the golug 
Eiflimjr ef exeluuiges from ftbrond wlileli tir^ ri^nt pnnprrly uddrt^sed, and wbicb, 
therefore, fall to reneh the Smltbaeiilun InetltuUciD. DuyLog the jiUKt year 
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these cfTsrtB have nHralted In the cloarlnp of a nuEiit^ir of oonal^tnente for tiie 
SmLihioiifoii rnstltutloEt and iho t^lbmr^ i>f Congrew which mlelit otherwise 
Imve mlfli’airiotL WhenevePn during tlie vUilB to the cuitomdioiiae. uTiy eI' 
LbnflRC conalinitoetit addiwicrt to a Eclentido c^nbllshmeiit has iHwn found 
iilii.'lalme<lp Steps bare hccu taken to notll^ the proper porwDB rogunJlDir the 
urntter. In such ense? the sender has l>ecu Informed of tbe elniuuohf through 
whieh exclMiiges sbouM be forvi'iiided to lusure tholr profutit uiuX safe 
delivery. 

Cooi|i]ahits of dc]in>‘s In Lbe LmiiBiniaiiton of eKrlmtn^ nre becouiiliig fewer 
each year Kver^* endeavor tiecu niade to Improve the serrlce go idiat Ltnr 
of cotutilahat limy l>e catlrsly ohmlimtotL fimi each complaint Is care- 
fnliy trat?r?d In ortlor that the caUEie nf deluy miio^ lie asrit'rtainciL It should be 
wlutKh ln^wE‘l-l•r. thrit^ with the exception of ibe coontrtes In which the Instltn- 
iinu hri» paid ngf^Ots, tlie responNTbllIt 3 i’ of the Institution for outjfolng shlpiuouts 
Tiece^^'Vtrlly censes nfter they bore been s^hlppod* ns tJirt> iHstrlbudon lu fdroign 
iiairitrles Iff onndncted hy Lhe ^sveriuiieut hureau!! of tlio rnstiecth o tountrlot^. 
over which the Suilthionliiu ItLstltutloUr of coitrKm hn.s no coutrol. in aiieriitl 
cosea, tind nsuatly ut»Ei the mttP^st of Borerniiient estuhnHtmtenti4 wljote the 
puhllentluns art? tjf m^h n nnturc tlnit their vntuc Ini^ly cle|>endfl upon the 
prumpu^t ikwslble delivery, mid to oddreseies In eoniitrles to which shipments 
ni'o voo’ liqfrHiuCfit, pockwges? are now sent by mnll. 

It lam been the efrtnblisiied nite tu mnkc shiputeuts In boxes of stunduril size, 
beiirEug u weight of ubeut 2(H> [bounds etieb, mid nor to make ti tninsmisslon 
U* npy country ontll a vulBrlent nnmtver of publlentlomi to dll nt least one sneh 
box had aei^uEnulatcd. This hiis caused no delay In sblptaeots lo any of the 
jLirgcr TOuntriei?, but has remlered tliojii Jogs fmiuQiit to those iilaees with 
which the exchange Is not very consldernble. It Is proposod during the coming 
yCEif To employ smaller ^.-aNen for i?uch eonxitrles, thus making more frequent 
shlpme^Plif pofiaible, 

Kcgartilng the cliEifg® made by the conBols of ecrtcifn Skiutli and Central 
Amerlraii eonntrlos for certifying hlUa uf IndlugH it ts n pletisum to state Uiat 
In nearly every luFrintice the eunsuls have e^ju^nted to waJro such fees |ti the 
future. 

Within roeent years H nival I* Porto Ille*+ nad the Phnipp!fie iBlftnda came 
luidcfr tliD Jurlsdlcltuu of tile UnUtfd States Prior to this they bud been snb- 
Jdot to forelEti jurtBdictloti ntid thus came within the purview of the oxebango 
it&rclcc» but nmicr the oxlatlug clfeumstnncefl it appeared that this cmuftruo- 
tlou moan be abandoned^ and the Institution has dlscdnllunod the aeoepbvnco of 
paekngea from domestEe sources for those territories, ginco exdaingi^ with them 
no Icmger ixanhO ^ilthln the dijisIgniitloiL "^Internattribai” 

>‘^pcc]al attentlou it>ntluue^ to be gtvou to Ineredming tlie offiee collection of 
dlroctorJes ami other books of oddreesos. 

lu tbo last itiiMiirt mfercuce waa made to the st^ps that wore being taken 
through tlie I)e|iartfbcnt of ^tate to Imve tlie Government of the Argontluo 
lEepubltc dcfllguftte one ollli« to anaunie charge of tlm dIstrlbDtIou of oxchnnges 
hi that In onlnr that tlie pmetloe of sending to dve didferant catabllffh- 

inents miglit lie dlscontlnucil. In response to the coninionlcatlon of the Depart- 
luent of i^bite. the Argentine minister of foreign affairs stated that n Kectieu 
of exchanges was already ostabllHhed nnder the dltectlon of the National 
btbimry of Huertoa Aires, and reijuefited that future consiguunHitii bo sent lu 
care of that library. TransEniRslons: to Atgontlna bavo ac?cordiiigly been oiadc 
In this monner since January, 1fM>T, 

As was reEHjrted last ycaVi nil traneinlE>i>-lonfl to Rulgarla were tempomrlly 
suFpended uwiug to the death of Dr. Ifaul LeverkElhn, why attended to tbe 
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dlrtiltmtloii 0f exctumps La tbat caimt^. It Lb gmttf^liis to state tlmt shlp- 
luefita oow teen roflnined. tbp Prince of Bnlgsrlii IinvlDg teen enougli, 
tn renpoiu# tn ItP pf tlie InRlltutlion, te deaLgunte the tFCleetlUc IxjstttU' 

tIntiK HDiJ lltrery iit SoOii to act m tlie exchange LDtermcdlcLry hotn^eeu BlllgarlBi 
jiinl the Uhlted Statea. 

The OeiiiI ArranBemcnt of deteUs coneptnlnj^ the NJiipment of GoTOmiDciat 
deeiunenti to ChSnu hns nut been perfected, und therefore the best const^muent 
of ulUEdikJ pnblliratlianH tn tbut country Ims not yet been made. 

During the latter \mrt of the present flsen! year n comniunlcatJon war fp^ 
eelved from Dr F, Bonolu Beyv secretary-getlcrui of tlw KhecliTlnl Geogniphienl 
Boeiety In Culro, nniionuelng thnt Jis he vem ul^ut to le^ive for Boiue time 

he felt It wonlil be uecesearj' for him U* give up the work which he hud 
ivea^n. ooiiduetltiK for the SmlUiHoulEin InatliutSoH fop a nttmiier of yenri, ami 
that at hli rucuiest, the aJrpctor-geiireral of tlie suney department at Cairo 
hud atfered to tuice eharge of the dlRliibntlon of exchanges. A letter was uIno 
rpcch'cd from Lhe director-general placing the Fvn'Iccfl of lila ilef^urtnicbt ul the 
dispersal of the Institution- GonJigmnents wUh therefore, he sent to the i^urtpy 
dctiartnicnt lu the fuhirc. The grat^iii aekHi^wlediniients of the lustltutloEi 
an? due to l>r+ HotioSa Hpy for the valuable services which .he has rpndPri:^l 
daring the post Bpveuteen yetiro Ln the dlRtrlbutlou of o*eJiaiiEei+ to corresiiond- 
tmiA tn Egij'pt 

Under the arrangcuieiit which has extstod for u numiKir of years w'llli the 
uutloiml UhTTiry at Athcmi, the Senltbsoaldfi Inatlration luis been permitted to 
forward to that library paokagtu) tuieuded fop dlatrlhutEDn only to Covcrmucnt 
lURtltuttons aud oiTlciala eonoocted therenith. It being upccRfiars' to for^vanl all 
othi^r exchanges for IirQcce In care of tbe .iimerlcan Bcbool of ClassLcnL 
at Atlioiu. On neconnt of this fllxlBlon of couelsnincnts It wua often iLecr-ssirity 
lo bold packages here for A cousldemble length of time beforp a Etafllclent imui- 
ber accumulated to conirtitute a shlpuiunh Tbe oatEoDnl llhniry, howcTir, 
ibmngh the good oitteea of Dr^ Ils'palda Bass tor, member of the Greek Parlia¬ 
ment. Ima dually lipeu iirpratlcd upon to dlstrlbuto exchanges fUr all mMresscs 
In rjrrhi?[;-a, wdilch greatly Increiiees the i^clcncy of the HPrvEoe beti^uen that 
ccruutr^* and the United Stutei^h in this com^cctlon It should be statetl tlmt the 
Fcn^lccii which the Ainerti.'iia Bclmol of Cluaslcml Btudlcs r^udcfied iho [Lstltn- 
fEon Ln the dlsirlbutlou of oxchauges for nilscDllancnus mldrcHaefl Id QreOf.'C 
have liceu cmlncully BOUsfactoiy, and the thauks of tho InstltntloQ arc due the 
olUeors of that school for tbolr promptniiiKs In fonvardlng pnokages to I heir 
destlmiDuns. 

Dt. Julius Plkler^ who was tomiunirlly appaluted agent for Hungary ao 
.Toly 1. IhfW, tfl JDl the vacancy caused by the death of Dr. Juaeph vou KJlrUoy^ 
was. niT Pphniary T, 1007. permauently appointed. 

No pei^htiaso hat yet l»eu received from the Korea branch of the iCoyaL 
Aslntlc ^loclcty fit SoouJ leganlliig the request of the institution that tbe 
society net aw the exchange me<llum througU which packages to aud from Korea 
may bo forwanled- The luRtltutlou is. theroforo, irtlll without moojui of for' 
warding iHtckagea to Korea, trousmlsslorui to which country were suspended 
during the late liitsso-Jnpnaese war. 

IWTEKCltAXOE m FL'miCJlTIOSft PtTWEES THE t^tOTHli STxT^ A^D OTHim 

cou?rnrxs. 

The total uumhor of pamges handled by the [ntematJaual Exchange Bcrrlce 
during the past year was an Increase over the number for tbe preceding 

yenr of ITjEMT. The weight of these ^ckag^ was 4mj[^ pounds a docmae 
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frui£i i£K)6 2,023 poimd&, Tbo statfMQtiit fo-U-ciwi^ In detail tbe 

number ot ]]n€kai;efl exebfui^D^l between tbs CFnJied StAt<?n And atber conntrlefr; 

frf fOf (hT^uffh the fnttmailonnl 

durb^ff iM iffdr cntSwff June Sf^, iM7- 
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ScKid-^tjr XjiLnlulfi ^..... _.,.! 

jVfkFtmEbi ............... 

ISA 


imrln^ tbe year tiiere wot* #eat abroi^ii 1333 box^a, 200 cf wlOcili coQttUaea 
fuU fivts of t/Pltod Staler f^ovrrnment docuuionCfl for aiitborisod depoaltarleft. 
atul tutudqted of UeportiDeiiUil and utlier imblloitLoEks far ml^ctUIantxnuf 

CDtTcsp(»ndeiib<. Tbe dccfmsfi In tlic nmuber of Ihixcu iiiuit eibraad us ^jainxmml 
wJtli tlic previous joor is due, Lu part, to ttie fact that a groat inHuy more pack* 
flgis ^¥Qre foru-urOed dlreetly Ijy nuiU tJban fonnerij, anilt Ui part, to the redue- 
Udtt lu ot OoTorimtetit publjcatJotui. Tbe Dumber of boxes of lulsoellaikrous 
exebnu^os ^out to mvh country li ^ren beJow: 


Arecutlua „_^_30 

Grrawfl K 

Austrlu__—_ 

OuotcmeiJa __ __ __ 4 

Belfiliiin ^ 

Hnld_ _____ 1 

Bollvlit ____ 2 

HoiKluraB ____ ,__ 4 

UrozEl __ 19 

Huupiry '?!§f 

tirJtiab eoloa]^ ___ 14 

TndlJl _ 

l^ritl^b Gulann _______ 2 

TlrvTir -fg 

Brillvl] Hondnnis __ 1 

Jajualcfl _ ____ 3 

Cape CoJoi:iy- . , , . 

jApuji _ ___ - . 45 

CIUhr. * __ 4 

Liberia ___ ^ * 

CbJle**^...___ __ 11 

Cokuubla^-.^^- fl 

LoureiiCci HnrqniHfi ^ 2 

NMtJll _ _ 1 

Ooetn Rtm , _ __ 4 

New ^ulh Wiilii* 5 ij 5 

nonninrk ■. . Ifi 

Notlif»rlfl ndg 34 

Ecuador ____ 10 

New ^JiTnnd ^ 14 

EsypU ^— .. T 

Nlfinrngua, _ __ _ ___ 3 

Pmucc mill coloiite-.. 163 

Norway _____ IE 

Germany__ __ 27S 

pQiiaiiiHL _ _ _ 4 

Great Britain and IrclaDii^^--- 3CS 

Puroguoy _ % 
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Ferti _— . t 

Partuii^l _._ ^ 11 

QU4H!a6lillkLl . _^_ 5 

ICtlA!!ja , ._ . = 05 

S^ulvniiur ___ 3 

l-hiBulllgUi _ 1 

j^luiii .. 3 

fkkiiLL AufltrnHn.. = lO 

JfimSn ._^^=^-_.==.= 10 

Kwcult^ti 52 


iiwi is&erhuud . = __ 43 

1 

T4«CjeiiitEi - 4 

Tftm^irjisiJ -----..- ^ 4 

Trlnldna - 1 

Turlcej^ a 

Urii^fuis> _ 0 

VeiMKsqtjlii , ___ Z 

VIctOTitt __. m 

Wofltern AiifliTuMnL.. _ 1-1 


itSLtiiiAxaE ur uavut^'TUX.XT iwcuE-Trti. 

ntujitH>r of pnekimojjt im-ut iiliniitd tbrQURh tbo InteniAtlonal 
Siiirtrli->t! by l^JiltiKl States Govemioont lndLltutloud dorini; tlio ynir wna 10Q|114, 
at!i bii:rjf04k!^ ovor tbasik far^^'pirdod diLrlug tb& preceding tweJvc uiontL-i of 
a3,t)j^E: tho iiiitntHir ri^iv^ in i.^yebii[i£c wan ll^iMi^ u doennijH^ of 15,127. 
This ItioreaN*^ Uk tb? niimlicr nent 1& iKArtly tn tlifr jiddlUoii df tliree tiew 
dojkoeltorlos of (lartlnl sets of offldftl doLTimenti Eind liartly to tbe RTOnti^ 
ntimbor of inibllcntlood recol?ed from GovernmeDt cetnbllfihniiMitB for dls^ 
trlbutlon abrocLiL Tbo dooroaBe doos not ilgnlfy an, actual roducdou In tbc 
niuotH^r of nnbllcntlDiui from forolgu i.^nuntrl^OH und In iicx'bunied for by tb& 
tn^ tlvit nil far tlie Llbrvry of Congrosn tuivn at tbe nsqueat of 

tbo Llbrarljanp breu doJlTor^d Intnct. «o tlmt in Ibo caso of tlw rEcelpUt for 
ttie Llbmiry% ono jT^iCkngo wuiotlinen rei>re»eiits u whoJo box of pubncutloiis. 

Tlie nxcbaiige on aetouut of the Tmrloua bmtiirlicfl of the Govemment la 
fllkow'Ei lu dctiill In tbo followlnj^ table: 


SStitem**ni o/ CTnilrd ^fofcjr GoventmetU cri^c^rafl^rn duriiifi the cnebJVjt 

June .ta, jraer, 


^uuif Dt himwa. 

f^kiAk^- 1 

of tiiriMEE. 


FUweSypI 

fiir^ 

6«iil hy^ ! 

B«wlT?d 

for— 

flBUt bj — 

jLDieiicHii niatiKiii'iit AdocI- 



nvMmof PabbcHoaltliilitl 



«lhia A.... 

ij 

l\t 1 

MjiEt||$rn^p3tAl 


1.16t 

MtrofvbjidfiiJ dbp«rYat4irr^. 

IT 


Uanau of fltfl-iltffii Ihspirt- 



Andltcr far Iho Stat^ Kn^l 



meat Of Ccunmeico aemI 



■dlluT Hilllililttkl'ELljB _1 


XI 

l*l*or __....___ 



Buriffiii. cif Etb-r , 



BmottEiof BUAm ^nelneTf. 


ihiIq^ ^4..pi...I,*.......... 

’ 37S 

%IW 

lux 

1 


BUicnu Amtrrf C^n-n Be* 



ctwU Servloii OotuioJailikti l.. 

' 3 


pabHca +. 4-^+ i. ..***,. i ^..*4 


a 

€aut ud doodeiio nun‘«r,» 

lap 


Bnicnn of Bio Cdusqa. 

Tl 

xm 

r<antolEloEM:T of IhUietlelI 



BumnJB Ilf fjiluiifiikiti_ 

lA 

fZl 

IlcrtFaElIld ___ 


IT 

IharoflEL otflilHirli!!. 

lon 


CcmmigKLDaBffii of |J$$ 


Ilf llnOilfntlDfi. 


1 

frica of nnlrrmTiiji. ^ ^ 

V 

41 

BOT%tLU of IlUTlllLl' AlfBlfll 


m 

Q0tili|iittOllOt'Of UlO'CllEtlSQc^. 

9 

llO 

BbtmlL of 

u 

4,1113 

n€|MTtm«Hiof AKriaobnn.. 

m 

m 

Biu^ivn cf MBAnfMcapoi.... 

S3 

e.«^ 

IlopiiftiniEaL of OoniinEFCo 



Boxcan of tbeMliit>+....+.«. 

B 

KH 

Ofid IdikiOr... 

& 

t 

BUioau of N^t>Ttg«Ciloa+ Natj 



b^iuniaoato! tbB Jatiflor^, 

a 

m 

n«r«ifWent 4ik.. 
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Dt*putiiu!UC-of Jmtlofl^....... 

1 


BufuoiU of KiLTlipilEanp 3>c>- 



nvfMtttbcnl of hVtA6 .. 

U 1 

1 

putment of CktiUtfflOfco 
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^t'lafi-anmp fj/ Krarrv ifuHnc? fhr rm^iaff 

i/iinr 50, /,n07—Cffl^tLouetL 




1 

Nuii^ ill burn,IL 


Ri.<oi:iVr4l 

far— 

ikiitbr^ 

' lin.Vlnfl 
ftlT— 

b|-— 

CnUmulEvlrHl OnnailiiiioD . 



PctwlBitiul............ 

h 

1 

Udilifllll Ijlllll f>{hiH:#r^..T-.Tr 

a 

___ 

Office -dI thu IlfllElt Eit kliffi' 



Otiolcvictt] fliinity ....-...... 

ra 

a-Mil 

ticrn .X..................... 





1 i 

tltfemi nif ihH fltUJ wmtiilmn 

a 

JJ] 

Hydmvtnphlc: ........ 

! ^ 

^ 1 

1 1 

Qffiw ol ladlu AUaIt^,___ 1 

1 ® 


Ilyjrifiuk jUlwruinan, „ .. „.. 

1 

.■. . . = r . . 1 

OrthitiCT OHlwf^ W»T Utf- 



Tt](«r«ucv Cotnnueftw tVMit- 




1 


¥n<aglii¥n 

; M 

111 

. _+... ^, x. . 

I^lJCtll. OffiCf .XX..X.XX.X.XX... 

H7 

1itt3i 

Ltfanry at CouaTi-- ......... 

’ i.U» 

ftT.T37 

fittMta Mbriry,...r.. .- 

A 


Ute-^nuf ........ 

t 

m 

SFallhwakn laRlitiihan. x.... 

3,&lft 1 

1 . T.lIiG 

hlslH-HvuKi^ Bwnl.......... 

a 

Til 

SKatiiibOMt IfiMpwhnn ik»nf« 



KuiIqiuI A'CAI^ft\^T Sri- I 

[ 


Iw.x.... 


1 1 

cnijrt..,, _ 

! 

w 

BupennleNlvai tf Poru- i 


MutlLSElAl hUrimU Lhl 



Baantii __... 


i 

■nf«- .. J 

I ^ 

r ! ■ . .. p .. fe.j 

SuffiOUh-CeticTii]OffifiT..... 

IH 

irr 

JfKtJoUml Jh^ftHLriiwi._ ^ ^ ^. 

1 ^ 


TTmur^-^ Ik-fiuruueHl. 

7 

4 

?fiUOIMil ...... J 

m 

im 

HiV I>rtmrtnn:UE 

yi 

11« 

Xuilml A.llTliifclflr Oflhy .... 

fir 

i» 

WpAih^rBoniAO. .. 


UIM 

^at4J oipiflrvittiry 


' tst 







Total ...x.x.x.j 

11.4HI 

lUpll^ 


Aii thrill Ix^ from tlio ^orr^oln}? amlMliaMrtt, Hk^ nunibL^r of UiKMumenlB mat 
nbromii bj? the Beparim^uts nad Botcudb of ihis Govemmoat I 9 , \n loost iDstonofis, 
iDUDb groAtiff IhEiD tlio quuntlty of Rlmllar works recolvod la oxcluln^. Wlsllo 
tbls moj ba doD to tiio foct tluit fow? ^'FBmnjreatii pubitoli bo oxteoMrol^r 

os the halted States yet It secniB iiDlltelj? that the fuJSosi pOBslble cicMago 
hiis ttefia nttalEod and H la iimpcwied dmia? tho comliiif 3^00 r to aso a part of tbe 
JiacrtaNe In tlit axehnp^ appmprlatlcia tn the employ in^ot of an addltioao) 
elcrt to dKsIst In carrying on the work of completEn^ and InorenBln^ the nm«- 
of forej^ sovomaient puhllcatlona reoel?ed hy AmeHaiti ROFeromoaEiJ 
«stiLblhctiii>eiitB. 

irUROOTr DEPOBITOmiCS O? nNTTOP BTaTES oniTFaV u JJOCJITME STTA,. 

tn neeDTdnace vcllh trenty Bt!pDl4tli:3aii ond ander the natborlty of the Con- 
firre^tona] rwlatloiuf of Mor<!h 2, ISCET. and March 2, 1001. sottJaK apart a 
certain nnuiber of documenta for exchange with foreign countries, there are 
how sent regularly to depoaEtorleg abrond G!S fall fecta of United Stntefl othdai 
pnhllcAtloua and 30 partial setfl. During the ptoft yenr the Librarian of Oon- 
gress, in nrcordaiice with ttto dlMtutlon rented Jn him by the act of 1001, dlrfict^ 
that the I^adntlve library at KdinOnton, AlliortA, ihQ nadona) library- nt Quito. 
EcnadoTK and the Pannmn detjartmeut of ferelKTi affnlre nt rnnama be added 
to the itBt of depoaitorlL^ of partial sehL Tlie reciptents of full and partial 
Beta are as foUewv: 

MEPoerroftiEB or ruLu aKm. 

Argentina : MlniHlerlo de Holaclouca Urterlones, Buenos Alre», 

Atgentlus t BlbJloteeii de In Unlvcr^lJad XaErlDniiJ de La Plata. 

Austral Jai Ubraiy of tho Cooimou wealth Furl lament. Melbourne. 









































BEMKT 01 ^ TH^ 




AQitrJa: K. E. Vf^t^ 

Badon; QnlY^Jsitits-BKbUDtbek, PnUlnii^ 

Bnrarlii: E^aigllelu:- Hof- mul ^taAt^BIbUioUti^p Miinleh, 

Bclfiiiuh: Bllillotbi^qiip Uto^ralo. Bru«B<;la. 

Bruxlli BttillDibeciL Nadonfit, U\q Jiuiofrci. 

Cmuidii t ParJIiLin^ititiitT JJbntr^^^ Ottnwii. 

Cfli»e Colony s Goyeptnueuit Stationery DejaartnHMit, Caiie Town* 

Clitlo: Bsbllotooxi ^lel CotigtOflo NnirlonaU Sontlago. 

Colombia; Biiilloteca, Nadoiml, 

Coatn Bica : OUclna de l^cp^to j Canjn do Publloaeloofti^ Kttii Ji^. 

Cuba; Dopartimm 1 of Stn-te, Habiuia^ 

Deutnurk ! KoiiKoltin; BlbllothokEit, COpeabagoiL 
Bbglonii; Brltbli Mui^oimi, London, 

England: London Scbcml of Economioa and I^lUlcal Sdouce^ E^ndon. 

Fnini^: Bllillotli^uo Xatlonalo, Parle. 

Fnmjce: Prf^feetuno do Inline. Parla. 

Cermcinj: Dontaobis^ neleMtagH-BLbllotbok. l^riln. 

Gfoeoo: Knllonal Library, Atbons;, 

Haul; SSocmotairorlo d'fitnt diM Holatlolm Estf-rloureR, l^>rt'ftu-Prliii3K. 

Htifiiokiy t Himirtirluii Ilmiao of l>e‘k*Kat(^, Bmlnpc^L 
mam: Homo DcpartmouL Gorornincnt of iDdln. Cuktitto. 

Ireland: National Llbrarj^ of Ireland, I>iiblLn. 

Italy; BIbllotooEL Naidmmk Vittorio EEiiantiolo, nomo. 

Japan; Hojmrtinojit of Foreljfii AITnlrs, l\jkyo. 

SJniiLtoba; Pro^-loriaJ Llliniry^ B^limlpog. 

310x1 CO: liEblloirradt‘0, BIbllotoca Naelonab Metlfo, 

Nolb&rlJifide ; Library of Ibo Slatofi fioaoRLl^ TUc 

Now Soutli Wnlos: Boanl for IntomatloimL Exolmne^mt Sydney. 

New ZoiilJiiid: CiorkoraJ Asiitetnbly LIbrEiry, Wolllngtoik. 

Norway: Stortklngoty Btbllothek, ClirlatSunla* 

Ontario; I^yilatlre Llbmiy, Toronta 
Pern; Bibllotooa NarlonaL LIidjl 
P ortugal 1; Blbllntbooa Nuclonal* LtHbon. 

Pruitalu: KOnIgBcbo Bibllotbok, BoHIil 
Q uebec:; Le^lslatlvo Llbrary» Onebecn 
QtieofiAlaatl: Parliamentary Ubrnty, BrlBbaiio. 

ImporlEiJ Ptiblio Llbmry, St. PotersbnrK. 

Saxony: K^nJgllobo Oolfealllclw Blbllotb^, OnHOon. 

Sotktb Australia: Pnrllamentary LlbrnTy, Adelaide 

Spatn : D4^x;i«lto de Llblfci^p Citmblo Intomaclona] y Blbllotocn Oenerii^ del 
Mlnlstorio do ItiiftnitTlCin PGbllca y BoUeis Artess MrdrtiL 
Swodon: KauRllEa Bibllotoket. Stoekbolan 
Swltrorlnnd! Hlblloth^iio Ff'd^ralo* Borne 
Tanmaiilrt: Parllnusontary Llbraiy, Hobart 
Ttnruivnal; Oorcrnmont Ubmiy-p protorbi, 

Turkoy: Di?t>EHtn]ont of Public Jostmctlon, CouatonUtH^pio. 

Cmgiiiiy; Qdcina de I>epAfiUo. Hojiarto y Cnufe IntoroaotipnnJ do Pabllcaoiones. 
MantoT|ili>u. 

Veneauolii; Blbllotoea NadoanJ^ Oitrfloafl. 

Vlctarld i Publie Llbmiy^ KtelbOurno. 

Western Anatmlln: PnblU- Library of Woflteni Australia, PerUt 
Wdrttembvr^t KUnlglloho Lande^bLklloth^, StuttRurt 


C4 ANXCAL 1t£PUKT dUlTliSUNlAJS* INSTlTUllOK, lOOl. 

umwiTQBtfo ar fabtul bets. 

AJ^rta; L^talatlT^ Llbnu^^ Edniontom 

AiiAtrl£L-Hu!i^y j Bltr|;iinii«iBldr cUr Hauist- qpd Refllilenijt^Ji tndt, Vleniin. 
Bolivia: Uiiltail Stat« MLnlat<>p> Ln P^si. 

Brltlab ColimiUIo: ti^glalatho Llbniry* Vlctorln. 

Balgnrlti: Mlulhtei'of Foi^lidi ^Sofin. 

Ccgrlou: United Staton Constil, GolomlMt, 

EkrUilort BibJloteoa Naeloniil, Quito. 

BlbllothiSine l£tit!d ivlale. Cairo. 

Gemuinjr^ UroBsbGTXOElIcbo IToC-BEbUoLbek, Daruiatdilt. 

Gormnnyt SonnlaikDuiiiilBfiian fUr die Rolebn- end AoAvriirtlEaJi ^Virn'letTenlkellen* 
llURibiirsr. 

Germany- ; Kociiulsslon ftir Relchi^ nod Aiiowitrtlj^t Atu£elw 3 nhe!teii. Bremen, 
tieateiunla: Secretary of the GoTenuiieot, Goati!n]aiii+ 

ElondumH t SeerelnTy oC the Government, TefftietgtiJ]i^. 

Jamaica: ColDnlnl Kiiif^tou. 

ijanreueo Mitniue'/.: Goveniinent Library^ Louren-^o iSatiiuest. 

Ufaltu : Lleuteibiht^Temor, Vatettii. 

XewfuiiadlanEl^ Celoniiil fieeretiiry, St Jolioji, 

Kew Bmmnvlek: Lei^islntlva Library^ SL John. 

Nutut; Coloiihkl Gorerpor, Pletenanril^ytirgH 

: Supprinijendeote de Ardiivoa NEtclotiJalee, Manaifijit 
Noth Seotlat LeglBlallTO Llbmiy, Hatllkat 
Xortbivest Terri torics: Goverament Llbrufy^i, Etestmi. 

Omuov Ittrer Colony: Government Libraty, Bloemfontein. 

Panumu: BecFetorln de RelHeloirntt E^terloresi Pa Dams.. 

Prince Edwnn] lalRnd! LcpiHliitIvo Library* Clmrlottelow;]:^ 

Panij^oy: OheEna Geoenil de InfOrmaelobea y Ganjeit y Cominlftnrhi (^eaernl 
de InmigTaeloDr AHUDelon. 

Rouiuanla: Aendemla Romnini+ Bukharest 

SaLvador: Mlnletcrlo de Relnelooea HycllHrlorcs, San Salrador. 

Straits Bettlcmentd: Colonlol Seeretari^ Singapore. 

Slam: Department of Foreign Affotro^ Bangkok. 

ooBaESPOKOKso'e. 

Tim record of eicbango eoire^peiHlontB at tlm close of tbe year oontnined 
58«10T Rddresoca, being an tojcimBe of 3 Jfi3 orer the precediog year. The fol- 
lowtEff tabie glvea tbe niimbor of carrespoDdents In each eoimtiy* and also 
serves to lllnimtB tbe scope of tN service^ whose utility Is beeoming every 
year better and more wrdcly oppreetatfid. 
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.Vuni&«r at otMmpandent* of the interftU^fwuj fj^^aJipr Swrrirr Ji* ruoA cr>upi. 

tni on Juni Jo* /JOT. 
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a^svm^ itEFCPiii m: 
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la A ]lEt of bnrefLns or itfoeacles tbrongb whl^b tbo diatrlbutioo of 
oxotiao£;oa La Tlioae %n tba lan^r oonntrles and Jji mnnj of tbQ fimolJar 

otiefl fotTi ntd to tho Smltbsooian iTLatltatldo rMiprocal oontrlbotlotis for dla- 
irJbatlcio lo tlK? United Stitteiai 

% 

or JlTTBEAUe on AaiLI?Cl£B TUKOUGH •KUICU EXCUANOEB JJU: TKAIISUinW. 

Alferla: Via France. 

Anj^U: VIA Porhii^nL 

Ar^ontiiia : gecrloii dc DrpOsito, Repurto j Cnojo df? FobllottcioAGa, Blhllotaon 
NackiDJiI, Buonofl Alres^ 

AualrU: K. 1C. Statl^tLeirhe Centnil-Commlaalon. VlesniL 
Aeorrs; Via PorttigaL 

Biirbadoa: Imperial DeiiurLmrat of Agrlealtiire, Bridgetoirn. 

Bol^tuak: Sor^doo doa l^tmaacs lELtoraatlaiianx^ Bmoacla. 

Rermndii: i^nt mall. 

Boll Ti n t OGcinii Nsidotml dr InmlirrnclAii, KalodlatlCA j Proi>apim]in (Teoarfifirfi. 
BrnjEll: do Fomit|laf;i1a [ntrmarloanra, Blldlotbccn Karional^ Etio do 

Janeiro. 

Britiffb ^loiUe«t: Crown Agenta for the Col&Til<!a, LaDdon.^i 

British CrUlatia i Hornt AgrlruUtirat and Cominer^al So<riety+ Georgetown. 

Britlab Hondoma: Coioiilnj Seerctiitr. 

Bulgarin : EustltatloiiB et BlbUotb^no scIflntLdqnQa dc S. A. IL Ic Prluoo dr Bui' 
gnrio. Sofin. 

Cnnnda^ Sent b^ mall. 

Comirj lnlantlA; Via f^palii. 

Cnpo Colonjr: Govrrnniont StatJonory Drpnrtnieut^ Cape Towil 
Chile ? unlTetsidnd do Cblle* gnntlag^iiu 
China- S5hka-wol Oheori^atory, E^lianghnL 

Colnialilti: OUelna iSe CauJ^ tnterrLaelonjiJcyt y ROfnirtn. HEblloteeoi NnclontiL 
BofcoiA. 

Coatn RIon: Odolnn do I>rpOs3to y Cnnjo dc Fnblteadones, Ran 
Cubisit ^ut by KiolL 

Denmnrki Kottgcllgr Dnnskc Vldenskaberoea Srisknb, Copenbageu. 

Etuteb Cnlnjin: Surlnaniuacho Kolonlfllc Blbliotbrek^ Parumaribo, 

Ecuador: Mtolatrrlo do Rcladoura Extorlores^ Qolto^ 

EgTi'pt: Dlroctor-Goiicrnb Survey Calrix 

Franco: Serrl^^ drs Internatlonniix, Parliu 

Frleodly lalandBi Sent by nmll. 

Grrmiiny: Karl W\ FBcracoiauiL, KISnlgi^tmAAo % 

Cront Rritnlu and Erclaud: Rre?»arfl. W[ 111 run VVesloy A ^u* atwC 

Btrnndp London, 

Greeee: BlbKoth^uo Nntlotinlo, AtbehH. 

GrrfmlADd; Yin E>ciiu!inTh. 

Cuodolou|3o: Via Franco, 

Guatoniala^ Institute :Kaolotial de Gnatenisla, Guatoranta. 

Guinea: Via FortugaL 

Haiti: Bcorf^tnlrcrlc d'etat dcs RrlntEnuii ExtfTlcnrcs^ Port nu FrlncD. 
Hooduraa: BIhlloKcoa t^nclonal, Ti^idgalpa, 


^Tbla lurtbcHl Is riiipbyed for nmmiuulentJng with a large nirniber of tha 
BrRiHb euLoulcs with which zia nojte U available for farA^hnllu^ rxehaiij^ 
direct- 



ak^otax. bepokt suiTHSOKiA^: iNfiinirtmoN, lam. 

Htini^rj: Df* Julius Flklcr, Office of Cfij Hitllp Biidspest 

Ic^IbdiI; VlR Deuioiifk. 

India; India Bture Departmiint. IjdiicIoil 

Italy: Uditrlo di^ll SCYtinbi Tntemtizloiiall, BIbllotecn NaxIonAlQ Vittorio Mma- 
nnoler lionaci # 

Janiiilai 1 lEuctftnte or Jiuunlcti^ Kingston^ 

Jnpnii: DejMirtinQnt o£ Porolpi Tokyo, 

Jnva: VEn NctliDrlntoLiL 

Eoreat Sldpuiuni^ teanrK»mrlly ouspcnded. 

I^lberln: Care of AtserIcaD ColonlmclDn Boeictyp Wiinljlnistow, D, CL 
Lctiran^^i Moniues: Goi^mment LtbfaiiN liOiirciico Man^uost. 

Liixondmrg: Via OetTOafiy, 

Hada^ffcar: Via France, 

Madplm; Via 

: Sent by MIL 
Hozatublqui^ ^ Vin Portui^J. 

N'jital: Agf-ht-Cotieral for NatnL IjoueIoil 

NctlierJiiitiEL'iS Bdr^ti t^elentlUqibo Contra! Kf-orlandalj#, UEbhqth^fiDO do rUni- 
'rorpibf+ T^'dcn* 

NaivfoMiiilUtiFl: swit by mnJL 
Kow (SulOHeo: Tin Nolborlanda. 
lloblidca : ^ont by niaJL 

New South Wales: Bonnl for InljematlDoa] BEehungefip Sydiwy. 

New Se^laod: Colonial Mubouuj^ Wclllii|;ton. 

NJcura^inii: Mlnlsterlo dc Belfidoaos Exterloim, .MnninnirL 
Norway: Kongotlg^ Xor^ke Fmlorlks UuIvoreJtot Bllillofhehol:. Cbrfi^IaTiln. 
PnrnKOrty: ^^l^Iste^^o Rolnclonea i^terloneft, AnundoiL 
Persia: Board of ForolRn MiKdoris of tbe l^rowbyterlQn eiinroti. New York City, 
I^eruj ODcina du liepmrtOp Depitelto y Cimje loteronolonal de rnbliraolonoit 
Ulnlst^rlu de Ffiinento, liLuio. 

Pnrtdgat: Bibllotheea XadoDaL Linbotk 

Onwiii^lEiodt BoanI of EjEohnnii^ nf ifltemntloniiL PuhlionllouN, Hrlatmni:!, 
ftonpianm: VIn Germany, 

Itui^la? CoiuEul9»loii liussG dea ^eluingoa IntomatloDEsti^c. Hibliotlif'i|uo 
rlitle Puhilsiue. St. Peterebui-sr, 

St Clirlatopiter: Sent by mall. 

Salvador: Naelooalp San Sali^ntitar, 

Sapto DoiPhi^: Sent by niiilL 
Serela: Via Gemidny^ 

Sliimt Dejoirtnieat of Forelpi Affnlnsp Bangkok. 

South Aualvalln: ItiblEc Llbmrj" of South Anatniiia, Ailelalde. 

Siwin: I>et^lto de LIbroft Camldo Intenmckmal y Blbllotom Gononii del Mip- 
Isterio de InMtn]i?el£n rUblk-a y Bellna Artes, BfxidrliL 
Sumatra: VJii NoEberlnniln, 

3wi>den : KDiigElgrt Bven^ika VeteDfiharja Akadojiilou^ SkKidiiislnL 
Switzerland: SorrEeedefi T^lmnires Jntoruatlopao^Ep BHiilotb^Pf^ Cen^ 

tmicp Beme. 

Syria: Boanl of Foreign Ml^Iona of the pfoflbylerbio Chureb, New York, 
TnamcinEn: Royal Society of Toamanln^ Hobort 
Trarjsvaiil: Oovenmiimt Hbrnry, Rretorin. 

Trinidad; Victoria ]n§tltute. Port of 
Tnnla: Via Fmpce- 

Turkey: Amerlcnn Board of CotPiulj^lotteni for For^ipn ailsalon®, BoatniL 
Gnjguay: Oflclon de Dep^lto. Refuttlo y Cntiic InternnclouaJ, Monterldeo. 
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Vei]«caela: BlbUotwa Naclonal^ Ciutiew 
TIctnrIa; Public Libraiy of Viirtorla* MellHHirot 
Wostorfl Auamilln : Publfc Libniry of \V&it$rh AoUrfralla* PertlL 
Zanzibar: Scut by malL 

Tbo enrtbqttake In San Fmnirlaeo la Aivrll, J£N)G. aDd tbo groat Are wbich 
fojlqwccl dcplroytHl I be btiljiJtnj^ of ttie CnltforDl u Acadirmy of Scleuccft, 
togcllicr with tbclt* otitini cc)titcut^ Tbo SmithsonluiL laBtltuUoa Uei$ lo rnrlQii:!i 
wnya boon nliilng; tbe Acii^emy In Ike reliablUtatlou of \U library nnil oolicc- 
tiotia. Aa a pfirt of tbia genemt cefort tbe lotoruntlonjii} Klachnogo SerrEco scut 
a cimutaf to the forclCT roriwixiDileiits of tlic Acndouiy $o||cUlo^ cpntrlbutlonji^ 
nod to tbt^ a inqwt Itbofal nesponso has bwa nwolvod, fn all 0,370 

of puhllciLtloiis, ^lilob bare hceti roi.'clied from 11 broad and forwarded 
from Wa&tiTnifton to San Frnnelaco^ Alt Uiu iiarre^jiomlcnt!? of tbn Academy 
liavc not yet reirpniiaEd to llw clreular frotii the lEWttltction, nnd it Is anticipated 
that ^111 fnrtlicf contrlbntlona will be reeelvisd. It tuny be ndeted tbjit tbls la 
I lie time since Ita or^ulxnllou ijiot the KKclUinKo Seirlce bus Kent ont a 
circular of Ititn character In. bobalf of auy ci^tabllsbmcnL Tbe foregjoing re- 
Jiiarba refer only to llie foreign jjart of ibe work, wliEelt the Suiltbsofilau In^ll- 
ttition Ima iJiJilortnten in bolialf of itic Callfemin Acndeuiy of the 

dmuoatlc part being at tended to by the ItislUxitlon proper. 

F. V- Berry* irlio Jia^f betm conikectcd ivllb tbe iservh^ nearly ti 
€f a centnry^ and liQu acting chief clerk of tJie Intenmtlij&nl Kyebanges 
BJnee tbe transfer of 5|r. W, L Julauisf lo tlio poallloii of dlfiburaln^ agent of 
the SmltbHonlnn Inefltutloii in lEKKSv was In rewgiiltloii of hlh faltlifnl and 
capable servlee^ appointed to the post of cbicf clerks to take effect Joiy 1, 

.Mr. Ada ms, wboue esperlent'C in ibe of5ce and knowledge of condldontt abroad 
nre most belpful, will coidlnti^ lo give his advice and cooperatJota 

In conrluislen, mention should be made of the valnablo ierrices wbicb are 
runilm^d the Institutloii by lJ»w correspoadentu ahnsed w^bo g-lio Ibelr per- 
^mal a If ml (oil and ilouhtlCi^a often ex^iccid private tncans In furthering fbe 
Inlere^fs of the Intertmtloiml cjEchangc service^ 'Hie tbimks of die Suiltb- 
^nlaii ItiStUntion an? nleo due Mr. Cbnries A. King, deputy eolleetor of customs 
at the port of New’ ^orh, for bl^ eouatant asalstaiice !n cleArlDg ozchauge can- 
Blgniccnta from abroad. 

Respectfully mibiidtted. 

Crmits Anijan 
§h Chur^^ tjf LiArarv 

Dr. riiAJULFJs D. WAijcarr, 

JiccrcJirrtf of Ibe ^^HtUhntniuii 


ApnsNiiix TV, 

BEPORT ON TaE NATIONAL ZOOLOGICAL PARK, 

B 15 : I IiaT© tliff liDDor to Kobmlt its followtng iPefFOrt on tilt nporatlopa of tba 
Nfltlonnl Zoological Park tor tbc fiscal year etifitng June 30, ISOT : 

Tbe Etinutiut a^propriiito^l tiy Cougrt^ fur thr park tlie year nmoniitnl 

ta flOil ut UlO beglnaln^ of tliG your tlwre was propared the following 

of opcratiotifl! 

Kcpilar ini^liiteniincu o^ponsos_ _ _ |iTS.(E?0 

Colltcllng. purcliBst. emiS tniiiflpoTtatloii of nnlmatii- ____^ 4, fiOO 

Work nil uiBrtll inammnl laouflt-— _______ 3«00i> 

Work on plant- ----—- - l^OCO 

Rf^ijiw to animal Inclofltirtft_- _ 1|W)0 

RepiiJrs to iKiuarlnm --- — 300 

Repairs to shop liDlldln^--^ _____ — 2T0 

FlaiUlug ahado trera and abmba.^ ____—______ ESOO 

Provislotittlly nssl^cd to laboratory and br>npltnl- --- D, SOO 

Tbe rapendltnrtii for the year pmctlcaLly followotS tlitfi Sflienio. esreptSag Iti 
ttac case of ibe iiiiiount reserved far a laborutoty and bospital bnltdlnff. Confil- 
tlous tlinl nrasc mEtde it niH?c?f«ary to apply tbis suin as follows^ 

Bear ynrds^—^__ ___________ 4^400 

ftopnlrlng Ailamn aJfclL poad ___ _______:« 1^100 

Rnnmy of park.. .— ----*-- 015 

IbJttrliftrtO of aEiIttials ___________ tiOO 

Xbw roof on Jlama laonisc. ---- — 2S0 

PnlntJng Hying eagie -—---- IBO 

Repairing oltkc — ------- 12» 

ROCFSK roll nUAJU. MAMII Ar.a, 

Tim sntftll mammal bouso wUicb has l^oea under oanstmetJon for seveml yean 
wm finnlly oimncd to the public on November 13. It is fonnd to be macb tlm 
mopJt Batififnc’tcrry of the htilldlug!f erecteil nt the pnrk^ being easily warmed, 
quite snnltary, ami ftw from drafts. The metb^ of lightIng la unnsrinl, 
there being skyllirtibs formed of gtaErs tile In the roof wMeb admit light directly 
over the cages, the ceatrat corridor In wbleh the pqhllc are admUteil bulng 
irfihtt*i1 Indirectly, Scrceas of ribbed glass protect the ontmnls from the cold nlr 
which descendfl from the root. The cages are rendtly Tentilntetl by tilting these 
screens. A plan of this bnthllng wm fiubllshed In the report of IPOf, 

Tbo outside cages reqoInKl tot this bonso were not wholly coinplcteil at the 
end of tiie yeaTp owing to the ditHenlty of obmining soma of the ttcicesimry 
material. Work upon them woa, howci-er, well advanccd. 
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As there hfia nlwaya been great dEJlsctittj' \n keeiJlnj? tljo monkeyii *it the park 
lii rt proper condition of heoltlu H waa aeeNted to truDafer nil i^iieorinetis of 
quailmniann tn this bulliilng und to ndd pucIi others as would serre to reprosout 
thp ordor* Funds were lacking for pureLmalng any of the IiLrger or noUitopold 
apes, bat tlwire la ii fair colloetlou of wcltneos of both New WorM and Old 
World moDkeySp wlileh attracts great nttentroQ, and Is ap^reemted by iho pobllo. 

The grounds nbout the building ho-TQ hecn grndod. ImpFOT^d, and pi anted, and 
contmetB ict for a concrete walk along two Bldca. 

AOrUTSOrfAL nOAEt TJiSOS. 

Con tra cts were made ToF the floors nnd atcel work of two nddltlonal yardfl 
in the series already tiegum These yards will eaeh hare a width of 40 feet nt 
the front nod a depth of to 40 feob They will Ijo similar In all raspods to 
those a lready bn lit, now oeeupled by pohir heiirs and Abitjkan brown hears. 

A concrete walb^ with a w'Idth of 12 foeb will be oonsltTietetl nt the same time 
that Lhe iKtvmuoDt Is [Uit In for the yards. 

[HKStrfA.^T KEFAia W03ilL. 

The flying cage was rcfmLntod thmughont, a new roof put on the llama 
house, the mnmrlnni roof was repaltlsl, new^ supports pnt in for the tnnks, and 
other uccesaary repairs nmilaj the Icmpornry tuildliig uRed for blnekRmlth and 
carifontor fiSwip and in which aW the bolLcrs of the central heating plant are 
localisi wns repaired ami the wails celled on the Inside, so ilmt the bunding 
might 1)0 Icejd at n rea-mnnhiy warm tem|Ternture during the winter. 

Several of the old ontdoor t‘ages, which had become unsafe through i!eaiy+ 
were replai^ed by new onei A consldemhle part of the wire fcuclD^ ammiil 
till? Anicrletin hleon padd«?k had to ho renewed and a largo amnimt of other 
fence repairs had to be made. The deer shed, whleh was so limily weakoiiisl by 
dccaiy that It was no longer safe, w’aa rc-tnoted. The site of this shed In the hflb 
side near the crook wnu so damp that tt waa found to l^e unhealthy for the 
animals. 

AhA^n MILL lOAEu 

neary, torrential rnliw armi>st completely denuded nf anrface layer the steep 
pordon of this roadt about 1,700 feet In length, auL] ihe larger stone heenme so 
loo^-ned that the romd wm hardly safe for use. A* this Is one of the princtiail 
driveways of the District, mnch u?jCd for jdea^rc drirlng, it coiuildercd 
itnpomtlve lliat it nhonid he put in a safe condUion at onct It was tlmroughly 
DTerhauletl and tt^nrCneed during tlie autumn of 1^K^GL 

A new walk was built to connect the log bridge, by w^ay of a pleturcsunn 
ravine, with the more Important anlmnl bulldinge. A mck work wns built 
with bowlders at the head of the nivEne nnd the waste iratcr frocn the nquarliuu 
tanka ami hydrnulEe pump mrried Umre to form a cascade. 

FLASTma. 

Plauttng was carried on at mjltabJo times throughout the year^ mi far tm 
available funds permitted. The whole park should he carefully gone over otid 
the forest tw prn[»erly thinned oo that the trees can have an opiioitijaity to 
develop- At present much of U la too thickly WDeded, 

—u 
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cxzmtAi. heattn^ rLA»t. 

Tlia central tickling plant irblcb ImA been In^tiillod daring tbi?& prevtciiiji veur 
was nrx^nitiH] tJirvni^boiit tbo winter of IWO-I wnd flrp of ih^ more Iniji^rtBiit 
bullilinpii vfQTQ liE>fltGd from iL in u»ed for tlie pn?seDt^ om tbore wah oat 

£1 sultli-leiit jiDiount available for tbe plant to put Id a liot-ivatar wltti 

fortetl tlroDlallaa AU tnaLiis, howowr, ttte of saTtable slia for twt water and 
it la exiHxdeU Uint It wWl ultLmutoly b« <oiirerted Into n Imt-water sjsteiiL I* 
bfis workHl very satlBfactorlly and Ibere Ims beoD practloiUy do Imts of tieat 
from the oDtdoor coadultA The boUdln^ formerly lieated by Endlvidnnl IxdliD^ 
nod Jiow feupitljeii from, the central hentbg plant, aj^ free from dirt nnd dost, 
and the new itrmttgemefit Is In every way n great ImiJroTemciiL Tbunka are 
due to the Supervl^^Eug Arahiteet for advlee and asisifitiim^ and for detailing 
no easjert heating engineer ta plan and jmjsetTlw this worfc, 

HcmvEv or ttli: rAJtK. 

The delDEte^l topographic surrey nf the park, whlrfi wna rmrSed on In tOlH-fi 
chhI IPfk>t5p wag flcmlly completed dtirtni: this yearp nlmut I07i acftt being core- 
fully plotted. Thin Forvey extendii to the lino of the new Llghwa^^ on the 
souUieni^m unil western aide* of the park. The rasultlng map Is on a Aink 
of foot tn the inch and allows oontodrs ot elevatloas nf 2 feet* siw all pmtnl- 
nent objeota and the nndergronivd draina and water pipes, 

ACCEanioMs aku tJOasEB. 

—The following animals wore received by gift: 

From K. Jl, Flumaeher, United States ennsob JilanicaltM>, Vcnosiiela, l t^py. 
bam, ] crab-eatlDg dog* I king mttnrep 1 ptaoaw. 

Frain C. IL Jones* Catopeelie* Mexkiji* 2 oceloU. d .Mexkan cnrossowa, l i-hap^ 
juan's ctinuifow, ^ ebacbnlacoji 

Ffuin O. J. Fliflil, cbliff dork, Di'iiiirtTt»ent of Jnotiw. 1 clnniiMinTi bear, 

Fnim Vktur J. ETnnB. WaBbtngton. Dl«lrJct of (ijlumlili, :i iiKiiijwHicy luatjker*, 

Frotii .«(n. Cen. R. Shiintoii. Auctiiu Cmial Stone, I'aniuun.-a Paiinnin eurnKwtra, 

JTjipftanjrr*.—Tbe laoro iniportAnt nnlnialB «o*Tired la thin ititihwr ilurlni; tin* 
yenif wtw; Ono tcucoryx, fmiu tlip New Votfe Koologlral ParKt ^ AnicrUiiii 
marten: 1 riclorin cniiiwnoil rhlgonn. 

/'■inrAiiMi,—Atiian^' tijo liitrelMlw were the rollovrlnh- Two Amerlijnn hlson 
2 SoutL AtnerJeon joBunm, 1 Jleslcnn Jaguar. 1 tigress. 1 blartt looi.nril. 1 fn-iir 
of otfllniei) lurkeys, 1 pair of Cullfornla !(<m lionB. 

IJYrrA#.—Anions the birllia were: Two Anicrleaq blaoii. (J Amerienii oik, S 
wtile iltNif, I SamsInRbB rteer, 2 red deer. 1 Culmn doer, 3 Bur!«irs' «lW 1 
lliiiucu 3 pe.'eflrlcs, and 11 wild turkeys, bntidee r niunber of siHfrles of Ijeroa. 
this, rarmeinint, ele.. ne*l«| lu the flying mge. 

Impr/rtant ifeafAa^Tbo otore inriortimt denjbs wore ng follows- 

Young lion piT^isenli<.l to the PraiMent l.y the King of Abj-s.s]nlJi.*from ebtonle 
aitijiriUa. 

Plnvk licar, from an extreme ease of tbfMtntbm with Am-arls (mnsfi,™- tl» 
dnodenom wns porforated In fiorotwl plac^ ' 

BftctrJtio ean±4iJ* f^nnle* from perltanltlfl and secondary pnemiKitiliL 

InJaniUr male, fram pnonmnnla. 

from catiirrhrtl rnt^rltb and fatty flegeiierntlon of liver. 

Great gray kangaroOh from pulmoobTy ttJborctitcwJjL 
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Fifteen Wthc foacos^ woBt of Uiotn from noptu-ltl* nad f^tty do&eno'rntJmi of 
Uifcr, altbciugh tiic justboJiTgUjts hnrc not been nbJc to aiic-ertala tlie cntiw of this 
cao^Utloti. 

CdJIfomla cooflor, from jEn^tro-oatotltiE. 

Tbo deaths also Inr.laded 1 mole deer, 2 beaveiB; 1 Coltnnblaa hlhch-taUed 
deoTp 1 tabr, I maThbor, 1 jodOg tnpEr^ a ouinber of monJEoja (mostLy tbosa 
twentJy leceh’cd from dcnlem), uail I oeclinted tdrki^v Juat rccolvod. 

<3Batro-eaterltis was it[jl the moat frcqnoat cniiBO of deaths aiud pionmoQla 
secDELd, except with the aowJy tiecefvcd moDhajs, FeToml of which died from 
toberciiloslB. 

of rolfcv/foR. 

&1 
15 
ITO 
d 
TS 
I 

There was cobSJdemhk lorn of hSrd^ during; the year, especially among; tbo 
anaoilor npeclon, {k^vernl hundred blriiu which hud lieoD procured tor the exhibit 
of the purk at Uie tvoabilnun Paroliuite Ex^MaJllon worn hrongbt to Wn^blngtoo 
at itfl elose^ ami they added waleirlally to the Interest and nttructlTuneBa of tho 
callectlcpn, horup The only plec^e avaUnhlo for them during wlntetp bowevotp 
has been the temparary blind houses whom the cage nceommodatloua. bare been 
altogether tnndcfjuate. The loss has not been greater than uiUHt bo expooted 
unitor fetch conditioner bnt Ima reduced the number of birds In the eonectloti by 
about 100, na It did not seem udrlanble to reploce these blrtls uaid permaGOQt 
aofl sultublo aecommodntloDB conid be proTlded. Tbe niunbor of mammala In 
the eolleetJoD Is allgbtJy greater than at the close of the prerloas yeOTi whUo 
the number of reptiles remnlna proctlenlly nn^hAng ed, 


Accesalona during the year; 
rresentcd _____ 

rurchURed nnd |i=tl _ __ 

Received In exchange _____ 

Bom m XatlonBl l^lorglml Park ______ 

Captured Id Kntlonnl Zoologlcul Par 










74 


IltKJttT SKITHfiOjriAN" INSTlTUTtOSp im 
4nTi7ia£t prtAnrfrif iji/nn^r JUcaF ^far fTidin^ Jutu S§t / 




SfiDCy Dijuiicnl*^ ............ 

OEjmmiCitt |njiJ“aq 
I^hlt^-Uiruiilecl capncblu... 

Vt’w-per"' *ii[i«4’is3i3 --..„+, 
Oi?d1uI ....... ir- ^ -— 

fuX ^.U. . . - + TT ■■‘VT+ h F . . IT. 

.. .. 

IBbitrk 3nTir 

Cljaiiii,lii*a I5«u ............. 

Bftctrtflji c5uiie1_^ „ 

Th I Ff^i.i t! -11 b * nX i-pcnu. 1.1 |^b.lk■. 
PrmjrtD d4ifi ..... p , 

Wooik^huci. F. ............... 

CipjbMH.. . 

Wtd^bLEI llBt’11 .............. 

J A\*, JJMTrgiW. ... . . . .. 

00.............+.,..*^.,., 

Ctnuj 

tk>....-...- .. 

£«d, mtl blue joasm-tw .., . 

Ammuem 

Eiorj........ 

Bsm'd owl . . . 

JJo.. 

Bafti owl-... 4 *.^, 

F|Wi(!Tl>W 


liOOftr. 


. Vtrtbi J. ^Iffiiu, WiiAltEhAlon^ Dlitrfci of Holiubtifii-, ..... 

Cbpl. Jii Ih Bn»k#. United Stdt» Annj.. . . ....... 4 ,' 

Ueu-L IL Y, U&Lted ftlate* MurindtOfpi^ 

Wr. Luts^ WMhJiiEton, DtftHet of Cttl Eunble...... 

Cb*rlt» fl. Jimpr^ Cem^iKlLeH MeiijBCP,.,,.^....,....... . 

Rtm. ^ S. PlDiELKber^ Amerbu coekuI^ UnryealOO. Veno^ 
niE'la. 

n. a Teltoma Ht%, of ColTzmlrk,. 

11 , 0 . irufJ^^Wii^rngtoiu Dtrtrffltof CkiliUbbb............. 

Ketcfrt Allen, WuhSnfton, Dliulrl of CQlmnUA. „,,,.,, .J 
0 . J. KJeld, lUitrirlt-rf t>ilbJnE 4 ii,„.„ 44 ,^, 4 ^„,| 

niwTtiwi & BaJlejr Bbow*, Prl4K01>CHrt4 fiiraiecttout.. 

I Bonor nnkio^wn..... .. . .... , 

; l>t. k, WIlKin, Wuhlnenon, PEiirfi?l-c]l OalumblA___ 

. W. E. Cfl.EiidAY4 StbitjhUffl, ?l'l«M>fl*Lb , .. ,, , ,, __ } 

j IfOH. JB. H. Ilazniicher. Atiierima rtHurciJ^ Vene, 

iraele. 

UteFcWIer, n'iLfbiQi^rv.PlimElDl CqltmitiiA__ 

Hr. . F. Tlbbialyfu-MnjIjcm, ftlntiri nl Ciri ajnblii-. ..... 

I F, w* JfccfcMO^ Mhlution* DlnUlet td OlumN*_ __ 4 . ,., 

Ctipk W 4 W, B*ifl«Tltle 4 af Ooiambiii. . 

MtK JYiM, WuhJnflfm, PbtTlirtoE CuluisMft...... . 

! Hon. £. H. irlEiimoIier, AzoerlcfliL ecmnl, ^bneMlhoL Yeoe- 
I lEuelJi, ^ 

Hpii *7 gGfibour. WMbliipton. PMrlel of ColomOlii.......,., 

, SfTK aor WMitbiftwi, Ptctrjotol ehl rrmM^ 

D. IV. HKHadoti^ 

Pr.C.B. BobloHH], Diiirieiuf CoJtimW*. ...... 

Oxtail, f^brnTtb td the AMiuiAb, WaahiHgtoh, of 

0 ;ilucablw. 

itosof imlqqowfi ______ 


Siktblwr. 
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Bo............ 

^eiAMn'A luwli 

TnAifj ToStare,., 
JC!ttirnWt«rrv-.,. 


Woi. Uwnmni Tinnef, Wuhington, l>lfitrjGt of Q»1iELDb4a,. 

>£eyrln. Jf,p WMblllrtdf^ ptoict ti <», 

Jw>Hiod,jr„ p&rtefiixiD, Kew JerK^f.... t 

JJirb, ^ Hf Flum&rber, Atncriaiii ofMlih JIuiaiJbci4 Vme- 


BtflgdoTe........... 

OiKlieiaca.... 

ifesilfiiiti tn^TMsow... 
Clupiuui'^fl OlZbU^HT 


4 PrrJi-lhSpaiigkT, YofK, Penm^lTenUi.. 
. CharlH H. Jtftm, Cmnpeehe, ^oCdco,^.. 


.do 


l^twiM^ruK>w..4—ft. ghmatoo. Angan, C^nml gm* 

OoEllMsd tnrbey .. | llhtiiem If-J om. 

AMmcflnUclern........... MU*Wwdiliigtm, 

Alh^Utt 4.. ^..... .......... j ^iM f^upbefuon, w^ln^ton. tlldxriol of CojiiiELbl&. 

Copperhmd D.». Whoi-lex, WwJilajEtOd^ DletsdetorOQlcmliU... 

htm. .4„4...... — W. 1!f Hoaej, Ckowl . 


Hog oocenl nukt? .^++4^ | IkicHW iiolefioini 
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HUAiiUJBr^ 

AhIisdIb (m Eumd JuJy 1, lSW36™-_ __^____._l+STE 

Accesalans tlurLii^ yeur___^__ 34E 


Totals™---- -- -- - j^Cl5 

Deduct toes (by dentil, aod returnli^ ol unlinAls)_ __ 4£2 


On band J 1111 & SOl i 00 f 7 __„^________ IS^ 

Beflpoctftiny Rubmltted, 

Yratik Bakkh, 
SupcrirklcH4<inL 

Dr. Chamleb B. WAtJCCirtT. 

Secretary of tho Rtni/AA>iii{rn /n^flAuffon. 










ArrENPix V, 

EEPORT ox THE x^BTUOPHFSIOxlL OBSERVATOHT. 

Snit T linve tjHt lioiior ta jjrftjtMii: tbi? following r^rt on tbt? npcrntiann qf 
the Asrtrviiliyi^knK Olwervnioi^ dnr|iif£ Ibt flgiia >'(^sir :30, IfHH: 

iJurlii^? Llio jjiLs-t jBir the eoact of thd n^mary rqjPtifrsi ^iir] ri^piiSntliis of tM 
Olirtervaiqry IcLclosurc nn*J huSlilUigSi Urn* becD |30a I'hinn have \^n {trerni^^ 
ntitl contrtielM Incurrkai,^ el tutal llobLIhy qf fqr ibc t[i?i|qlbLtKuii 

of electric h^slitJog, power, iiiid lahopulory wrvlce ertm-ntfl, io rcpIoL'e the pfra 
ftttt InniliHiunto CcclJHIcit. Tltcso Im^iitkTementa arc oot ns i-ot (ximpletod, 
AppdmlUij (ijr rotfcui^b luii^ t»ceii iThKnrcfl at 21 at giSOO, 

Tbo uAunl EclentJflc iwrlic«llefila have been eoDUiiued, oji4 books of referenw 
purc’hnwd ot a total WiEst to the Ohaemttacy of i$4S?)0, 

Xo of riroiwft^? Iiave ^R^eun^L 

J'fff^flnacL—C, ti. Abbot wm promoted to Iwe acting illrecflor Jnlr 1000, and 

Dlrci'tor ^lareli 1 , JBOI. 

Ph E, FowIo pmiiiqted to ho aid ^tnreb 1 lXl 7 . 

X C* Di^'jer woM prouiotOit to lie :t!areb U 1£W^ 

I- It, JUfferwdl served aft tomponirj' Ijoioiuetrlc EiSfeOatniit froni July \ to Sw>- 
Wmibirr Ki, IWHi 

MIjbs C. V. Barber served it» terajioritri' cniDpptcr Jaaaarj 2 to Judo 2.% 1D07, 
ii. TaTuiiiicr. flreuiiJii. waa truiimferretl to Ibe D^ifirliEMit of AfftiraliDpo 
Judo 15 , 3507 , 

WOKK or tOK OfiStftVATtlBr. 

The WQvk of the Ohserratory has odiiqlsictl ns fqllo^fs: 

1. Oh-sunattiiM nt UouDt WUfioii aud WashlujorLoiL 
a. FretMiratloD of Valiuiio J1 of the ObsorvutoT^^ Aanals. 


QBSESVATlD^Ji AT UO|7N~r WlUOX, 

The fJtflir of tbo Bfontit Wilson oxpefBtloo, meotlaoed Id [mt yoaro retagrL 
ttanliinca obdwnntliiiffi fw dol«rtiitiiliif ibe "wiur cwMianf of ntiUntlou until 
0 c10|ht 2A lOOC. wlieu ihn oppitratnH w«i« imtfcetl Jiiwl in pnrt rcturaftj to VVnsh- 
Jnffton, During tlw ntn^ of tbe extKsiitioii Iti ItKwi nlwut weveatj dnTB wero 
to “wlar condtant" ob»>rvutlons, and n-ltli Keopralij- excellent reduint 
Slucb flttfntloD WM ptttil to tbc ubwrTAtkm of the iiiienBlty of ii^bt reilectea 
from clniiiia, with a vlcn* to tbc actcni)lmttlnti of tbc nlbcdci, or total rcUcetloii 
of tbu earth. Tbc qticJiir and itukiinit of Jlght of the ikj? also (acasttred 
on acretm} days. Very aneccaaful trbUa were mode with the MBtlnnonsly record* 
Im: rtamlard HfrUcUanKter tncntioocd In fonuw report*, aud tbo other tasim- 
tncDts used on Uotmt Wilson wens eompoKMl cnrefiilly with eneb other and with 
It. tlnsse comparison*, mado on dlffon.nt day* and with widely durcrijig 

Cm. It np^in Umt tbc senie of voJnes borelofor^ employed In tbc rt.ium 
tion of Monnt nilM>ti observation* I* probably ]ii per c«bt too high. Bni li 
has been dcddftt not to mnC n corrcetloti for this unm the cmpletlan and trial 
of a new contlnnausfy recenltnit pyrhellometor, imw jmrtlj doiw. of dilforent 
dimemilonA aod iiuptorod cunstructloiL 

7ti 
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AT WAHHISOTUIS* 

MeasniraiiL'iilLs fov tiie d^enuSaAtbii of tin? •• mlar i^oimtiint" of mdSnlEon 
wi'n^ Hjiidle whoiit'vor the (x^ndlticitiK piE?ruiltt£Ki TIimc OivujsiDoic 

tttt tw* iDfrtKlu^tit to penult HA to at VVa^blili^QD a ftill rwortlof Ih© coadS- 
tioii of tlie Kuii+ ^ut In coniLL^oa with and HUpplementary to the Mount VV'Uboij 
work, tlje VVdiililiiEtoii retiultd are uf very srml vnlue. 

Measurffloents have Ixwn iuo4e frequciitly of the dMtrlbiitloii of hrERhLneKO 
ovfir the isolai- dish, nnd the revolts of tliKfe meai^nrenieiit!# IndleateT thoiiich 
noi eoncloalveJy, ilmt when the pontraat le brlshtneK^ becweeu the 
oeifcttr Olid i^jo? of the sjohtf dts^k Iel grentef thnu Msml tlie lotehslty of «»ljir 
nidijitKou aviiEJobSe to ■n.'artii the earth En less than 0 ^ 001 ^ and vice verrin. Tttla 
relation wms suspected Id fotuior ycora. 

r&f^fAEATlOff Ofr VOLtruH It or TCEE OltK^JlVATOnV amsal& 

The redoetlon aad rh:t-IwinitloD for pahncatlon of the reauKts of the thoieamila 
of iKdo^crusiblti rtH.-orUi! inttde in ibe rteeareh od hoIsp radJatlou han lavolvt-d 
nierLODmDeiits and o:iniputritlum^ re^iDlrlt 4 f the recordiug of upwiird of ^JO^KdOO 
w]^rqu^ dpfuix^ Tike reduetiotet have heon ehlohy la the car© of Mr. Fci^t[i\ 
and he has hoeh nhly aeeohdfjd by MIks Gravea. Voty oBofat nnd palajctaklnK 
us5i^Umeo hiiE been reiideml by Mr. and hy the tomponiry cutiiiiotctH 

oGiploycjriL The test itud Itlostmtloos hdve been iin^jiared under the mrv of the 
writer, tu ronBoJtatloa with Mr. Fowic. The wholo work nearly completed 
at the couchiHloD of the flacnl year, and at this wrltlnir (Septemher lEi) bj now 
ready for the pre^. As the story of the year's work ta chleily the story at thla 
lolDiua, It will not be out of plaee to j^lve here a eummacy of prlucJn^ 

aujKUABv or tttE rorrncottl^n volitme of 

The pr^^nt volume ts an account of the work of the Astrophy^hfil OtBiPira- 
toi^' fmxn 1000 to l^lOT. with detnlk of the InresUgiiUonK mndp, tbe appqrotns 
find metlioils useth and the results ohtalncHi 

Kpeaklnit hruaUty^ the lavektliratloD relates to the inlensity of the rays of the 
anil, and the de|iefidcace of the enrlh'B tern per atnre tbereou. The fiubject la here 
trv^ated in three parts ? Fltst. the amount of the Bolnr radiation afi It would he 
found If DiCiisurcd outside the mnWi atEuosjihcre. at tnean iwEur dlBtnnce. or. ns 
It IH ofteEi lermetL "The solar iioostuEit of ntdlmlDin" Socouif, the dependcnca 
of tho earths temperature oti Uie luuouut of solar mdtntiom Thlrti* tJie differ¬ 
ence In briichtnesa between the center and edge of tlie suu's disk and Ita relation 
to the qaaotlty of solar radiation received hy the enrUi, 

The work tiot limited to a dotermlantloti of eomttanta of nature, for the 
poa&lblllty early recoenlzwl that ths radlnUon of the nan might be far 
from uniform, so that the solar cousinnt of radlatkiD" might prove to bo 
0 mean value nbeot whSeli the Intensity of the solnr haini wonid he foUDd to 
fittttunte very perceptibly from Utne ta time. A jkHndpal aim of Uie wurk Las 
therefore been to iirovc wbetber such dactuations of the qimtitlty of snior 
rnya do e^l^ and. If so, whnt may be the magnttnde of the chnu^. cheir 
iffects on dliimle, and tbeJr cauBoe, For these the meuourcmmit of 

Inlei^Sty of ^lar radiation and of the dlntrlbntlon of hd^htness over tho 
ilUk of tb^ Buq luive been made us often u., possible for eertml yeni^ and a 
a uc^ of Lho veirlntlon of tem|)eniii]re fur the lawt thirty years at about fifty 
fltotlona scattered as widely as ^mfs^lble over the Inland areas of tbe uorld Ims 
nlso been made. 
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A pixrt or iLiiu inmHur^Mncntii Iiitvo niaa& in Washiu^toUp ntid tlicrcrace 
pmi^lLiktJy iit w-n ni^il ii pztrt ul Mount Wilson, in CaU^onitu, at about 

motors ur tteatly !j, 0 i )0 fm olDiatloio, TLe raillcitEuifc of tbc Fon tuaji bo^a 
atuilioii not un|y In tbn total, Imt nlflii nii (iJsfpersal luto JtH apcctmia, aiwj not 
only la tlji? jmrt vbiblo to tha oye, but also In thins^ i»ortloas v^'Jioso wjive Icaj^tUd 
art tixj Jons or too Bbort to nJtect ttve eye. For u]l tlicse dltTorcai mja the 
earth's utmos^jber^ l?roaut-«s tHHcrcnt degrtHjs of nbsoriiitlou^ or of dilfttso roflec- 
tIoD, and In tlieioonree of Uie work tbo trans^iiaroucy of theunrth'jf atninspberu for 
nwiny dllfercnt mys hua hkivn ejtternsSvely liiTeti(j;iLE<KL Tlie retliwtluij' powora 
of the elouds and llio nlf have been mo^iKnred, and aim the fiunlEf^^ of ibe 
6 ky UfiJn ttai TvsiinlA tbo reindve Inicnnliy of ita ntys of aitTereiil colot% 

We use aa Our imSt of ineDsufoakQuL thnt Iritenditji^ of radliiUna ^vlilcb, when 
fully abaortH'd fur one minute over a Biiuare temlaiutet of art:!, placed cit ritfht 
allies to the rny, would pmdueo bent enongb to raUt tlie tcui|)etaturo of a i^mtu 
of water 1" o&atl|trq.t!or Tbifl unit Jb torm-Gdi 1 euloric |ker imi'Uatic centlmuter ficr 
mlTkutiL.^ 

The mean royult of 130 meoitiii^ments ^-enduetud on Mount Wll^u lu \1\b 
Bummer and nutamn inunthB of ltM)5 ubd 3900 llsies tlio Iniomslty of eolur nidln- 
tlou outside Lbe atmoj^pberL^ ut meua sol nr dbitanue m 2.023 enlorlea f^er square 
centimeter per Intaute. 

Ttio mean tvsnit of 41 iiioasun^uhmtB nt Wu^bluiEton fmnj 1002 to IWT I 4 
2.001 culorii^ 

It [b prohiiLble thnt the luoan rusiiU ef fEueb ineaBurtMaebto, If comiucted for a 
loD^ term uf yonm, would Ito blj^her, uud tbe prohutilo mean vnlui^ of the i»lnr 
KHiatant rnoy be ef^ttmnted lu rmina numbern at 2:1 eelories per aqmrt- centi¬ 
meter iTor lulaate. 

EsjjttsfiMti In unotlicr way, m BOlur niJlatloh Is eapoljJe of nicitine an Ice- 
BlislI, art uiifU-m (114 feet) tlikk, iiLiiiiRily ovuf the wlwlo lurfacti of tlie enrtli. 

The nsulla of LutiBley, wbila Bemtinislj- in wiitruJicHoii of these, in millty 
autiiwrt tlHJLL I-ot, on tie Htaloi es pngu 2ll of the RciJOrt uf the .Mount 
^vuitiiej ozijfldiiloii. hti Tfllue <3 flilprlca) for the ''winr mietitnt" (ieiwiiJa 
xilton nil allowtinw which lie inddu for un dtp|mri‘iit "uj-dteiuintc error in hjgii 
mid tow sun ohscnatiucm at one stattoB,” of nuvh ii nuture as hKOmiM iiwnlfcat 
"tty cnlcnlatlug at the lower station, from our tilgh and low sun uhih-rvulloiis 
tlKinj. tbc beat wlilcU sbonltl l» found at a oertnlii ttolffiit la Uie ntmospharei 
Uiph iK-tcolly aHeeuJtuE to tbis helEht. mid fludlnif lU ottservcil beal tbere coa- 
KplcuoBsly anil ajstoamtlMlIy gresitcr Qiatj the enltalnlcd oijo." m ebowu In 
Chajitcr \ [l, Pari I, of tbe iiniiiont Tolumii, this soomlntt discmpaui'y arosa from 
a mlaappruheosloL of tbe nnjialrDnicnts of Uio ctilciilotlon:^ in cuot. llipre Is 
no Bach systcniatlc error, no corroetlou for U nhould luive boea applied by 
LnnsJey. nad tlie best mean niluo of bis oziwrliiiHital dctortuttHitloa of ihi* 
"Milar «instmii« at Mount M bltney and Lone Ptsie la 2.14 calorics uor nqiiaro 
ecntl meter pur mlnuttv 

Sulrstnnaal aBrwmeot lu to the niajjidtiide of tbe '• solar coustont'^ Is there¬ 
fore reached tiy otKCfratlone at sen level, at 1 J »0 lueter^, and at 321(10 meters 
i-levatlnn. ^ 

Tbe solar radlatlen Is far frma bcItiB conatnnt la Its Intetialtj-, The valuta 
detcriulacil oa Mciiat WIIboh raage from l.QSt calories to 2.14 calories nad 
IW la Waslilugton from LSO caloflia to 2.22 calories. A ebanee of the !ii- 
lewlty of solar millMtlua of SJ j»r «uit duo to the dMi-wiw |„ wdar dlstnacc 
Moiin from Aujnist to Ovtcbcr. and ibis Is readily dlscemiblo m the work d,nc 


«As above slated. It Is possible that tbc nmucrteal rwmliH to bo glvoa |i, voL 
II of tbe Annals may 1* Ut iter rent hlBher thau they should bo In these unite. 
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on ^Duut WlisoELf botli III 1005 tiDil 1900^ sii Ltidt lltiure be little qucfitleti that 
tZio Iflr^gs eliuujifK^ eqted then*: nre really aolar ebau^ uiitj mt e£ utiuoiiiiherlc 
er flcciaeouil origin, 

Tbe reality of the solar oHdo of the ettaiigea of mdlattaD observed 

la iltte»tcil by oiuay ottLcr evldoaoea BtaletJ In Cliuiitiir VI, Pnlt I, and Cbapter 
in. Part IIL 

The tempemtare of the earth Ip shown to be la good tiKToeiiioat with the ob- 
aomed value of the solar eoierhiyt,'^ \L1 cnlorlea. Imleecb It Es ahown tbai an- 
lESd the ulliodit, or rellecEIon, of the earth c3f€ifods ^ per cent (a value here 
detcnnlned for It and hoBed on ObfervallouK ax Waalilngti^n and Mount WJlsaiiJp 
then ttw lueEJii mine of the aokir cxtuatiiiit can iioi eje^.'iJOd ealories, else the 

earth mugit he a better radiator than the ^absolutely hlnok body ur iierfect 
radiator. 

It Ifl flhown that tlie aurfaee of tby earth enn rmllnte only very alightly to 
aijaeev on nceonnt of the lacorforein'e of clouds aud water vaiw to terrMirlal 
radiation; and that the Hubshiuee wtilrh malntulca Llio csirth iit nearly con- 
idant tenipeniture, by emltthig to aroito? radjatloa tsiual to that received by tUo 
tttinp Is principally the u^nier vapor layer at 4.000 to 5,000 inelers In etevatlou^ 
whose u]ffliii tenii>erature le 10* or more belew 0* 

There 1b IntrodUi;^ the eoncoptlon of nu " hyiJOthetlctil earth,” almllar In dh 
menElniu nnd motions to the real earth, tint hollow and like a ^aji bubble lil 
thleknesaof wall; perfectly abnorblug fur wdar radlatlea. mid a p-irfect radl.uor 
for loiag waves; pi-rfectly coiidnctltii; for heut along luiralleli^ of latitude, but 
perfectly non-Dondnotlag aJuhg meridians of longitude. The teniti>eraLure of thia 

hypothetical earthhi calculiitcd for nil times of the year* and for nil lath 
tudea, Pjy the aid of the known value of ibe solar conKtant^ and the law^ of 
mdlatloii of perfect ranJlatorB. 

A eeuipEirlson Is mstdc dHetween iho aiinnal mtirch of teraperntom of the 
” hypothetical I earth** and the obsoned ui|[iijal march of tomri^Aiture for G4 
bt^dona on tlie real earth. It thereby alio wo that n given fructlounl change 
of solar radiation running Its cycle Iti 4i year prudurea one-foiirth the given 
ffatcfloual change In tl>e absolute temperature of Ibe ^ hypolhcticiil earth,'^* 
one^fourteentb of the ghen frarUonaE change in the tempera tare of nioat Iniand, 
BtatloiiSt one iw^ehty-flrtb for coast stjLiaus^ and one-hftleth for amaJI iKlunds 
In great pcearm. For a Guetuntlnn of 5 per cent In Bolnr rtidlntlon having n 
period of iibont n year there would be proihieed ji chuQKc of only about I* C. 
In the mean temperature of Inlaail «tntlobs and only about O.S* d for Island 
atatEons. The elfecta of tnotc rapid changes of i^olar radiation would les^ 
readily dhtcernlble In their effects on mean teiis|iemtures* hut may aevcrihelesa 
be of mcteorolo^cal Importance os pfoniotonf of atmospheric clrculatlutu 

From a compniiBon extending over thirty years of the temperatures of 17 
well^istrlbnted inland BtatlonB it at^pears probable that cimnges of solar 
radiation do produce, not Infrefiuebtly, welhmarked and recognizable changes 
af temperature over the eontirientni areas of thi? world. Such change?! of teni- 
r»cnirure would Imj prctllctnhie If necurnte JirsuaHmrcioents oT the solar radiation 
were systematlcaily eoiitluned at n few favorable stntloaR. 

Numemua nieasureuLenhs of the comparative brlghtnesR af the center and 
cdip^ of ih^ aolar disk Indicate tiiat the ohscn'cd ehanges la Bobir radiation ttn? 
attended by a variation of the trauspareacy cf the Folar ccLvelope» and iierhaiw 
ane caused by It. 

Many results of obserratlon not here enumeriited, snch ns Uie mean trans- 
purency of the upper and lower straiH of nlr, the reflecting power of the cloudb. 
the [probable ternperutune of the mia, and the quality of the mdlntlun of nm- 
Bpota, will be found set forth both In words nnd by charts; and uJki a full 
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description of tbs apporatiu nnd mctboda employed for the rncEciitt kJotls of 
rawnrch, and tlio Hams uud ningnltndo of the emn uttendlng tiwJr asc. 

Tl» worif tbiis siunttmtiMd finara defltilloly to lUe the approximotB afereso 
raJw of tbD Intensity of solar radJittlra at about 3.1 calories per sqnan 
csatlmoter per mSnule. and to show docisiv-ely thnt them Is a marttni fluetoatton 
about thiri ntcao vaJuA solScIeat In ntocoltode to titfla^ico vory percoiitlbly the 
climate, at kust of ItHand staUoaa, upon the eartb. This being go. tl^m la 
good reason for utuulot' tho serieK of mniBuntnonta of solar radiation as com- 
ptetc and contlnoous as p<»a>blo for Mine year* to come, tn order to deternilor 
mare thoroughly the tanscs and limits of the nolar changes, and their ptwla' 
effwhs opon clitnatfi. The fanner part of the st«dj will iarolre furtlier »lar 
measnr. [oenta. and the lattar part a mom complete study of mcieomJaglcai 
records In connectlnn with the solar meaeurcmmits. Thus far no other almma 
tory has been «o well eqalpped ns this one for tlie special kinds of meanireiuem 
lOTolved, ami It will naturally |» our tusk far some titm to come to cootlnoe 
iffDirlt dlQDg tlio frtat0^ 

BcspectCully snbmlttctL 

d <5. mmr, 

Dtt^Ctor <tf ihff Aititoph^tficat Ohi^^rTH^to^p 

Dr. CllA«jj» Bp WaIXOit, 

^pcretarif of /A<? Snlihimim Im^iiiuiion, 


Arpifixmjc VI* 
REPORT ox THE LIBRARY. 


I tm?o th& bonor Xtk ijri&teiit the reirort on tha o|M^nntlo{^ of 

tli^ llbmiy of Umq Soiitb^uEnii IriHtKititEEin for tbo fljBctil ^irar Juno 30^ 

IWT: 

In tbo noceEalou \took of thi? ^tnltlwnlnn depoelt, LEbr&r^ nt CongreBs, tbom 
bnTe Ijoen rvccinloil 1,741 voJpmeH, Hl^rf«7 parti of voEuiye^^ piunpriletELp uui! 
013 clinrtjip uinkiiig n total of 25,4SfS publleadoD^ tfUe nc^cwtlon numbicra mn 
from 47fiil7!> to Id tbo post ikosv piiblk'Otloita liare been »eut to 

ibi? Llbmrjr of with the exception of a few needled for tbc BcIcnLlflc 

work of the wlifrli Iuito boon h^ltL In ttwisnnlttlng the ptiblEcntlotti 

to the Llbrnr^^ of CJotit^r^ 2W boxes w«!to liwE^ wblcli. It 1 b estlmAteii, crdoUilJleil 
the equtTflLeiit of 11,000 rolamos, a utimlx^r wbicb docs not Ineluilft tin* public 
discmueuLB preMonteil to the ^DilthBimlan Inslltutlod and Bont direct to rhe 
Ubmry uf ojs soon m rtwited, without Btamiilng or rcconlln^: or tbe 

public docndient^ and other ti» tbe Llbrnry of CongfW recclvfid throoEb 
the International Exchange Ser^lre. 

Tbc JibrnrieB of the OHIl^ AsUortijpglcn] OhBervntory* nod NntfDDtil Zoological 
Pork hi! VP recctved 4m voluuieB and [lanipbletB, parts of volnmea, and 70 
clidrtP, tojiklcg a total of 2^'140, Jiiid a gniml tolab Incliidlrig the publicatlone 
for the SaikhtfonliLn depofiKt ami tliC Watts de PeyBtbr Collection, of 2SA*M. 

Tbe parts of serial pabliratfonn that were entered on the card L-atalogue 
tmmlMfrcd 2U,41K>. Throe btindrcd aJIpa for comjdeted volnmE?s wen? made and 
4&1 Cards for new period Leuls jiimI annuals w^ene added to the pemuinent record 
from tlie periodical record lag desk. 

Inniigiiral itlasertfitloas and ncodcmle fnibtlcotlwi were received from nnl- 
rcTBhlfB 111 tlie folEowini^ places: 


Ihlltlmon? (Johna Hopkins), 
Herlln. 

Hem- 

Bann. 

Breahiu. 

Erlangen. 

Freiburg, 

Glcssem 

GreJfaw'RliL 

Heidelberg. 

HelHEngfers. 

Kiel 

KiJnlRsben^ 

Leipzig. 

LduvaIq. 


Lund. 

WHilisoa (Wlscottsln). 
Mnrburg. 

Kewr York ICoInmhlo K 

Parts. 

PblladelpfilA (C alrensltjr 
PeniiB^lvanlti). 

RoBtockn 

Strasaburi^ 

Toaloiu^ 

Tubingen. 

UjHmla. 

Birecht. 

WtlrlKbnrg. 


of 


Tile fallow log technical blgb oeboobt have ulm sent pnbllcntlans of the same 
elm meter: 

Berlin. Darmstadt. RarlBrulic. 

BmunscbwcEg. Delft. SlnnlctL 

In carrying out the plan to elFoct new exchanges and to secure mb^lmg parts 
to complete boIb, 1,TS5 letters were written, r^sidtlng la 350 new pertodlculs 

ftl 
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being adil^i Id tijfi rucelplR, while ubeut tSOO dofectlTD eserles were piirtly or 
enllreJy ^'ornploteil I ft iidilllloEi lo tlie letters referred to^ 85 vostUii 
Bent and ubout ftO parU rrvelTeil In reat^ioCLtce. 

Tile pliin ndojitiHl by the Internal tioiiu I Cfltnbgue of Scientific Lltemttiie of 
sendinif to aniiiLiine MsIb of tlielf’ sdeDtlie writing)^ ttiot Iiutd Iiogd Indexed La 
ih& Catnlo^o. nnd miQMtlag aiij: that Juiifo oot heco cltt**!, luw b&m <o£ittnned, 
wjtli tbo result ttmt aeftrl;i' 5tW nntbon^^ eejniratta Imre been rtfteSred, wlilcit 
^N’lll nlUnnitely contc to tlio i3hhiry. 

In tlio redcllnj? Toom Uiuro were wEtbilrnwn 40 bound ToIum £>3 of perlodEcnla 
ntn] ll,4S5 jidrts of f^loutlEli: jieriodEeiiltt tmrl popular 111 : 11 ^xloco^ making n total 
of 3JS25. Tlio use of ih^ pubncatloins, swul thoa^ In Uie aoctioiml libraries of 
the InatJtytlOft, by tnnn vnrEyua ImrenuH of tlic Goveminont imn con- 

tlnuLst^ but lu the inn In tin- c.'viiimultntloEi tiaa been by morulK^re of (be atmf 
Tho nmll rwelplH liitmberea 34.EOD r^adsagea, tlw- publlrfitlona rontriTneil 
tbercdii being etnmpcKl and dlstrlbulinl for entr^^ freiu tba maU dewk. About 
nckimwledgnieiits were niiidu oa tho regular form In ndditlon to tbcHe 
for pnbllctttlona rerelrod In resfjoueo to tbe rfliitests of the Infdlttitlon for 
oxcbjinge. 

AS liD bocikq formerly to ibe Seerctury’* liLnuy will i» Jonser be kept 
wpitrnic from the eenerul lii<rin^, one cLjir^h? may be Doted In tbe iinmber of 
sectJoiinl llbmties UMlntnlM-d In tlie IimiihitioD, tliere ouiv belu* tLe offlw 
library imil ibe cnuiloyceH' tlbmry. Uifietl.cr wiUi thow* of tbo .WnjpbjaJcsl 
Obeervutory, nerodrooiTes. lutertintiDiuil excliiiiiiSEii, and law reforenre. 

JTAc eni/ilDprea fFbnrrjf.—TLc tawka aildAl to tbe l[brtiry timiitwiaN] 40 ®7 of 
wUkli were utKisentHl by Mr* C. relloitj. nod fio Tolumes of lUaBnslna were 
bouiHl. The number of bouka bnmowed was nnil llio uejnllij^ of a jaflected 
ntiiiiber of the books from Ibis library lo the NntfoiioJ Siooloitlml Perk aod tbe 
tlnrcau of Atuerlenu EtbnoloiQ.' eacb moDtb baa injeu contIutieiL 
TAc eaffffc of U, J'. AaFipFey.—TJie ertate of S. l\ Langlty turinaj over (o Uie 
luatlturlsn bla wlepitlrte library. These hookH bare been stamped, cnlerod. mid 
place'll in the tUylslotia to wlilrlj they relate, 

THt iToff* du IViFJfer oo/frtr4fo».—Geii. Johu Watt* .le t’eyister eontlimed, up 
to the time of Ids death. May 4, ]t¥>7. la preseut books relatlni; to Naihdam 
Baouapnrte and his time, faeelbei- with voluiucs on other aubjeels for tim Watts 
de Peystor wllertloa In the tiertJtiitlocL Ttiere wore rteejved from this -wurce 
during tlHJ year 288 VolnincNL 

TAfl art rttoei—Tlie work of cntolosaJaii the Marsh collwtlea la pro*rea..)nir 
and durlns Uie year lltt prlats hnve iaaai Idootlfled nod canJs made lor them' 
ylrtnc full Inforntnilsii na to the ejijfraver. the aubject, tlie moaner ef eroi^itlon 
and tlie irlata of tbs print and platc- ' 

Another Isiporimit iidditJoii to the library waa the remltd of ihfw Importmit 
aeries of ptlbllmthiiu from the LIshMlouac Boar^l; Annale* dcs Ponta et 
Chuuaat^ iSttt-lStU, 152 voIuohm; Aunqiea de ChImIe, 17K1-JSIB, 1)7 vulurnM. 
and Aiuialtw de Ghlrolo ct do PhyalQuc. lf!ltj-lS72, ]!0 rolmnos. which urT^ 
permanent transfer to ibn lusUtutlon. 

In uddttlon to the reimlur work to the library a porilut hlhllogmpliT of 
uofounuilcnl lltentturo. whJi-h toeluaed ibo pnpem by Langley, Ch.nute. Sen- 
thal, Horrlne, nnd (tatirrme, snd a hibllofiraphy of the wrJtlnits of Dr S P 
laififley were prepnred for puhllesUon by the naaistout lEhrorton, Mr Paul 
Breekctt. 

TH£ MUSEUM UBO^liy, 

The Muaetun llhmry lin» been fortuiuito In ooutlnulnit to rerelte from Prof 

a T. Mu«. Dr. »■. I. IDrlpb. .«! Dr. d A. «™. 

of Importajire In Htiuplollus the seta and aotios lu the Museuni. Dr. G. W. Rich- 
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tnanH Jiiifl continued to contrEiiiitQ to the Uhntty, ftnii n nntnber of rare setectlSe 
wQTk3 not to tie fotinil olBenrhere In the city havo twcu recftS™! froiii hlni. 

The llbriiry ot the haa nlj?o h&pefltod by the plan ndoiitocl by tha 

Interna I CntnlfH^me nt Sclcotlflc Ciltcratnro of to aiUtioni IlHta of 

tholT aclentmc wfIINi^ thnt tinvD liceti entoreC In the cutuloguo ami rcqueadtiE 
any tlwt har^} not clted^ as die Inr^r uuoiber of the t^pon^efr received 
are In ihe farm of wparatc# fmni |ieriodlealfl. Janntale, etc., which are no 
lonjrep desired for the Smithsonian deposIL 
In the My&eutii hbriiry^ there nrw now 30 h^Y volnmea, dT.ll-K nnhoutid bnj>ere, 
and las tnaniniclipte. The aadhlons during die year comrlsted of ^►,rxSl hookis 
BJ^GT pampUlohi, ami 111 parte Of Tolaniitfu There were catiilo^oul hooks, 

of which m iH^iloiie^ed to the Smithsonian IShrnry. ujid 3X14 m piimphlet^, of which 
M belouRied to the SmlthKonlan llhrnry* nod ia.2l£^ part* of iierkkrlmls. of 
whlela R53 belon;^ to the l^mltbsoiiloti library. 

In conuoctkin with the entofini,' of iieparntea and perfodlreta. T2l memoranda 
were uoido reporting volpini?^ and inarla mlstsln^ U\ the ffoht, tpeethcr with n 
few Utlcif of publlentlons that were not represented In the llbriilT. The remilt 
of this work w'Ofl the comptetlnff or tkirthil flllln^ up of CSO ftets of pnbHcutInns. 

Attendori Imp been given to the preparatloii of volnmcs for lilnrllog, wltSi the 
rest!It that hooka were sent to the Gf^veniment hlnilEjty, 

The number of ItoekiK porloillmK and ptnojihlela Iwrrow^l from the s^uernl 
Mhmry amounted to 34,^14), Inclmllni^ which were uesS^ed tu (he sec¬ 

tional libmrlofu This does not IncludOp however, the largo miiiiher of hooks 
ouiLMiiIted In the library hut net withdmwio 
Tlie sectloind libraries GslnldlelK:d In the Husenm hare rtMnalned tho same, 
ihc eompleto Ibt now standlhg ns follows: 


Admtnlatratloa, 
Adminlatretlv-a naal^tant 
Aothropology, 

ItEalogy. 

Birds, 

Botfiny 

Coiiipnnitlve enatomy. 
Editor. 

Ethnolof^y. 

Fifths 

Qeoiogy. 


Hlstoryi 

Insects. 

Mhamials. 

Marino InverteUnitcfi, 
Materia mpfllem 
Mosoxcife fossils. 
JMInenilogj'. 

MoUusk?u 

Orletitfil nrclueology. 
Pnlcohotaoy. 

Para sites. 


PbotoKTapto% 

PhyHical JUithrepologj, 
Preblfftorlo nrelarolaf^. 
Repdies, 

Btratlprophle paleantob 
ogy. 

&nperin(sndeiit. 

Taxlileriny, 

Techjkflogy, 


In tiio fiilloMflQg tnblt' t\rp sutnmnrifcoU ull tiic nwcssloiw iliirluff tbe yeiir for 
Uie Smlttsonlan ilopwiU, for llie llbrjirle# nf tht ttHlre, AstroiiUj^fnil ObwTV^ 
fttorr, UtiTtfiiJ States N'ntloiiul Jlim'uiu, am] NatlohnI ZboIugTml Park. That of 
the BnTMu of Amertcan Ethnolosy Is not InclmJcd, an Jt Is scpamtcly nd- 
mlalsterod; 


Smldiscinfnn deposit In tlie Library of Pongf^q _ 

Office, AstrophysU-al OlsNcrratory^ International Exchange^ 

Watts lie Pe^'Btor ipufifw-tifin _^__ ^ 

Uniteil StaCcft NntiaoEil Miiiieuui llbrtiry ___ 


2^48(1 

m 

d,2OT 


TotHj _ 




Respectfully stthmlttecl. 

% 


CranB AuLim, 

.iMM^aar Seertinr;^^ ta f7A«r^e of Librarif aitd Erchnn^^^ 
Dr. Crakles D. Walcott, 

Secreiarp of the EmUhaoniun InMtimhrK 








AprENDlX VII, 


REPORT ON THE INTERNATIONAL OATAUJGUE OF SCIENTrFlO LtT^ 
ERATUHE: REGlONAii RURFAQ FOR TH E L?N1TEI> ^ATES- 

Stni I lifiTe honor to m\mlt the foUowjDjj report on the orrfrflttona or the 
re^oofll hareou for the Ciittod of tlw? tiitcrimtlotiiil CotaJogilo of Sclen- 

tide LRernhire for tlio >'enr endSuK Jtiti& 30, IGOT: 

This wort Is Cornell on unJer riie nutborUx of Conp^Cfw. in ncconhiDce with 
ttie followN^ Ttom in the sundry civH iipproi^HetloTi hill! 

FoMhft wopenitlon of 

the blntes tii tbo wotlr of tin* Iniomiitioiiii; r^itnlot^iic of Sclent I flo Wtsr* 

P^wnitTQD of H clnBaillc^ li.dM rntnloKUO of Aiuoflcflo 
KlcfiOnc pnbllMttons for Incorjiomtloii lu U.c InterimUonnl Calnioifut the ci- 
pensie of dork the imrchase of noiwsary hooku nrtd pcrkKlicais, arnl otlioi* 

'•'““S'*"'! the Brtme to Ik; ospeaded 

onilor tLo dlrwtlou of tJie flecrcturj of tbo SmltiuioulaQ inntltutiou. 

The Intorniittttint Catnloguo of Sdentlflc Lltcminre Ir a clHasined subject 
iMde* of current scleotlflc 1! tern tore puliUehed lu London In i" nnnunl voluiiics. 
the result of tlte wmblnal coopcmtlvc work of rttKlodni burenos rstobUslied iii 
oJJ of the clvllt«<l countrl« of tbe «„r1d. All of tie iirlndpol liorermuents 
of Lhc wurfd ore Jemlins their nid (o lilK Importnnt (ntcnmitonjil unclertoklnt 
EficL coflntiT cellcciR. indexoK, iiiid Class) doR Tl*p current scloqtlflc II tore tore imb 
IIhJihJ within Its burders nnd fnriitshw to Itic lurejiu lu London the 

ninterlal ditw prcuttred for pnhlltutlon [a itw nuiitinl volnmes. Ihe cost of 
projinrnttoft Im bonie hj ibo coiintrEoa lal(ln« port in the entortirlse Tho cost 
of prlntlnit and publtehlng fs pnW by the subsc-rlhen. to the Cataloeuc. The 
entcn.rtRe wns twigun tn 1001, and for tie drxt Bee yCiiM of Its eslatcncc the 
work la the UnltctT States wns done throuEb the Sniltbsoiiinn Institutloii at 
the eipenae of Its fun.L For tlio pas^-nt B>»ul yeac Ojiiffresa nppreprlated the 
snm of *f;.t«0 tn wntlnue the work tiuir i#euti. j,nd It wna curried on jtn hereto, 
fore. The pensons la chiirge of tho work up to that date hnd been eainloye™ 
of the parent [nstltottoh. nnd beto); eattrely familiar with the work and hnvttijr 
Bbowa Intoltlgeaci! and derotlon la ctirtj-ltin it out, they were, upon miuert. 
Included ta the clnsslOed civil Horvice by na Kiecntlvc order iltiled July H iiwi 

One rointne it year Is devoted (o each of the followtog-aaaicd Rubjecta* Mntt,- 
wantlc*, mechanics. phyilcB. chemlittry, astronomy, meteorology (includhii tct- 
rcBtrtal ainguetlBui), tnlncmkgy IJncltnllnB petrology and crjstaMoKrnphy) 
ecology, Ecojtrephy (umthomatfeni and Dhyslcalj, paloontolog}-. EenomI blojos-' 
liotnay, Boolosy, huoian uaatomy, phjelcal nntbropoloftJ'. physlolofty (iDcIndlne 
crperluHintul psjrcolany. pharmacology, nnd exiterltncutnl nntholoffyi and 
hsictcrlalo^, ^ ^ t ^ 

T nil of the joumnls 

1 irtod to ^ wnmiu^ hy a dally search throtigh the Jnrfie aumber of publtcn- 
ttons rewtved hy the Smithsonian lastltutton, and by the eiominatlna of mi 
avnllnWc lists, Nevortbetess. so diverse are the jtJitrcs nF publtmtlon In tia 
United States that oven this careful ren,tlcy was not cousld™i sulMoa",^ 
there was oonipllcd /torn tie authors rcwnl, la this maw a Uat of papers. 
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bf nntbors, which Wet was Bdhiulltod tc thfin fur vcrtfiailTfliit nnd 

aildftloiL^ At the itiitne time eneh jiutbor wuk re«idefit€.Hl to sttt»p|y IiIes sepnmtes 
to the Instltutloii e«pecLill^ for tho purpcr^ of the 

This methotl of heepine In cUrei-t eomuidiiEenUeii with tho imtlior^ yf selentlllc 
jinpers la verj ciptdrnble for many reirtysu** It not only renders It pcsslhle to 
puhirab It roiBplete CnLnJo^e, but ttlfio aids niaterlnlly In the proper ainl patten 
fuiztQry elne^mcsitioTi of the wort doue, whJell from the |h)htt of y\€w of the 
users of the CiituloinJe la of bb i^reit ImportiiDLe ub Ie Es tn have the Cjitaloj^ue 
fi-litnldetO- 

llorlttK the year thero were 2a,+t2tl refereEiceB to AtperEmn aelentlBo literstnra 
completed for tho central bumtiti. ea follows*; 

Mteniture of— 


imi 

11W2 

1003 

1»Ot 

ItKKf 


fit I 



rj. TiTS 


Ttilnl 




Ttifrtoeo VoliinieB of t|ie Tatalo^^ue were rewlvtHl ami deSEt'orod to Uie smb- 
BCflben* III this country, ns follntva; 

Kourtli annual Issnc: Clmmlatry. metcorolosy, gc-nernl biology, botniiy, ™>loKy. 
Iinninii ulintomy, phyBleal nutbropology, nod phyREolyi;^^ eonipletliif; the Issue. 

I'lflh nnnuuJ Issue: Mnthemntfcs, aatrounmyg eeoloj^-, pec^rnphyf atnl pnTeon- 
toloKy. 

The practice Ims grnduellj been gaining gfound In some of the regromtl 
ijtinmns of liieludlng references to toohulcnl sihI Industrial miltlers. which 
while of grent general Interest do not ccnie strictly wltbln the definition of the 
Bcope of tbro ivurk^ which w as to refer only to nrlgfnnl [mhihhed eontrlhutlotbd 
to the jihyRicnl nnd natorsl Rclences. This mutter ba-^ basl cnrefill cDushh^mtlen 
UerVr and It was deemed not only niwssaiiry but wlao to iidbere strictly to ihe plan 
npreiMl upon. sliK^t* It was felt that □ rigid followtcg of the plan was csf?omlal 
whore bo laaiiy deferent ns tinns were concerned, and for the further tenson 
tlmt nil Index can rcEidlly bceniuo tix> eninbersome for may referDum* Ulti¬ 
mo te|y It inaj- l«? poBalble to embrnce Ic this Catnloguo oil rocfirds of proereB- 
Kive human InterKrt, but It would Mem ot present the wisest i»ilty to limit the 
work strictly to tbe nrlglnnl pnrpose. 

The re^loTiul bureau In the United States wua bo organIsoil In thi‘ hcghiioLiig 
that it could at any titiio be expanded to embrace any subjort found advlsahle 
to Include In tho wort, but the bureau h at the present time workeil to tlw 
limit of ItH eapnolty with ttic funds now at I Is dlsposah 

Several of the re^oosJ hurvaus, IneliKlIni; those of GetnuLuy, France, and 
Fohinil are printing In L^erEodlcfll form the mutter indexed by tbeta. it wn*^ for 
u time huiwd that this eould be done In this cnunlty, and for several niouiba^ 
brglnnlug ^T|tb Jnnuar>’ I, ibOT, all seleutSfic matter was currently oolluetou* 
indexed, elna^lfied, and prop4red us prlntor's proqf ready for publication by the 
Institution^ either monllily or quarterly, m a mueb-noeded eurrent elujulhed 
Index to American scientific lltcrntnrc- This uiolhod of publication would 
prumplly fnmlsth referenc'ea tu atJ of tho seleutine llterntura of the conntiy 
pnietirally ns soou bb pnbhFtifMl and probably a yenr In ad van w of tho perma¬ 
nent AB^mbled voJunio« publSsbeil by the wutral biirtau. The two methodB of 












8ft AJ^NUAI, TtEPOBT SMn:HfiO>"JAK 1 NSTlTtmOlf^ ItHH- 

pDljllcatloD woiiM \n m tray conflict; tbe fltwt would be n clKck iJul of curmnt 
Dfitlounl work, w&Ho the bocodA: ts a petmiiiicDt daselflcd IntenmUonal record 
The actujil cost of prlntlnjj a flulftelent Dumber of sucb a perfodlcal wouM, 
howin-er. bare to be met by tbe prtrwte fnnd of tbe tbetltntjozL After tboreogb 
coDsfdent Lion It wns decided Uiiit the outJaj would trot Ik? jimtl fleet It ta ijIu- 
cemiy to be boped Uiat the pubUeutk?n of tbla material In the form mention^ 
or ita e^lYalsDt can be soon be^n. 

Ooui^rKn In tho sundry civil bill Diipiorcd Mnrtrh 4. lOOT, opproprlntod 15.000 
to curry on the work for ttie fiseul year ending Jane 30.1008, Ji being the some 
unonnt bb tbot aptiropriuted fur the paot yenr^ 

I deBlre lo acknnwIedKe tJie Eeal and Jldeltty of tbe etaff who are noder the 
Immediate flLrectJuu of fjeonoM C, OunuelL 

Ycry respectfully, yonrav Adu^ 

A<9(«f4tnl in Charge of Librm-u and 

Dr. CnAOUSS D. Wjllcott, 

Boprvtam of ffta Brnithsonlm InEiitvtioru 


AppENmx VITI. 

REPORT ON THE PQBEICATIONS. 

Sift: I liaift tbft boDor tit mbmll; the followlnif repcrt an the imbKcntlonB nf 

durtiig tlae yenr cndlns .Tnnw 30, 

i. Smithtonlan OttntribuUonr to KtiowhatK. 

In tlMf srerleft of the Smitbimnlfln Contrihiitlofts to Knowledge three niemolre 
« were In press nt the close pf tbo flscul j-enr und sovenil manuadrlnts were In 
prefuimtlDD. 

icaa. GladerR of the C4iiiMl3nn and Selkirks. Report of the JSmith- 

BOftino Eipcdlttou of lOCH. By Wllllniu Illttell Shemr, Ph. D. Qnnrto. Pn™ 
ftll, I.'M, wHli t2 plates, Pnrt of V'oluni!' XXXJV, In pr<-w. 

The oavertlseDicnt of this publication dcscrlbeB Jt m ftillowft: 

profesfior of natnml acletice nt MIcIilraia State Nor- 
hPoiiKht (outlier In the present nwinolr the results of un m- 
>»? SniitliBonJau Institution omoni; the ala clem of tlu 
Caned Ian Rocliles untl Eel k irks lu the yeor iflOi The eenoral ohlectB of tlie 
r^irch were 10 render avnllnhle u deserijition of some of the moit ai^stsslhln 
glac the American wntloent. to liivcstltpitc to what extent the kno"i^ 

^clat feagres of other {lortletts of the world mre reproduced Ja these Aiuerlcnn 
^iresentatlve^ nnd to ascertain what addltlpnai Jt^ht n study of almllnr 

2^ mile'* liDrtli tif tiie bounilnr;}^ of tba Utilted ^tuliysL Tbe liimwt at 
noTi Toho Kinder, extending more than 3 miles below the no^nehf 

niid I infiG Id vrlMh for of len^^lL DtKlor Slieraot- Invc^jll^ted 

^rtouB surface feature of eneb of tbcpc tlii> untun? mul cuusc ^ Icc 

teinperatui^ of tbo lot? ut vnriouj depths ami Its rotation to Jilr tem- 
iwijfttnp.', the nmoyiit of surface moltiui^. jiud tho poaaltilc tmujifereiiee of luii- 
terinl from tho surfaw (o the loiter portion; t^telr fonvjsriJ moveiuont niul tbo 
r^joo^ttiKl fldvQQce of ibeSr esiremltJes, the fienerEiJ «tnietiire ^ 

lu sumumriduir t±io most Important resuita Doctor Sbenzor dlnotiA^ thu 
ludlcflU d fitLvsIc^plile chiiosiiM In ibe ro^flon tturlof: the ^feira^ole and Ploieto- 
cone pqrlials; tho itu^tlcn uf preetpitatjoa of Hinw aori raJu. aud the omn’t nf 
LiUnutle cyclfs on ^indal moveiuentB, the striKittre of the log as to stmtlflcft- 
1?^ dykt^k smelol grtitlolcst, nod tlio possible 
of th^lr developiiieut In dtscuaslng ibe theories of glacial moUrto tbiTmitho^ 
^ that tbe UHturo of the Ico moremoat t an he ^tisfuc- 
W& clrctinurtuneis nnd 

,U™‘^ enpablft nf bebndng as a plastic body—that la, 

«*I.™tnn H'' *0 stress without rtirniin!--but the plavtldty 

[hnt^nnifLip^ ” ffuljfttnnce, uiust bo tllotlgbt of as csoentlnlly dllTerenC front 
bj sticb itmorpboua snbstnjii'os as wax or nsplmltnin. 

..f 

1(18. The Yollug of tlw Cfaydabes Asmem ami Canshani.^ By E. A. Andrewa, 
Quarto, Pagies 7t>* with 10 plaios. Part Qt Vol. XXXV. lo pre^ 

mSO^-O^ -10 g- 
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AA'KUAL fiEMBT SMITILSONlAiJ LNSTITUTIOX^, 11J07. 


til this meoioLr thero f« cicscribcd unJ lllnslratHl the yaung of twn kinds of 
one from Orvf^n nnd one from MeryJanfl. rvitrcsentltii; the two most 
divers? forms In Xorth America. The Aral, secmnl, end third Jnrrnl euisns tire 
deten[lined, nnd there Is destTibed ihe hlUwrlo unknown nntnre of snmsalve 
niectinnlKil iittuchmentfi of tho otTsiirfrift to tlic parent. 

17!3. Tho Apodotis Hololfaurinns, A Motmerarh of ilie %nnptlilH! ond Molop- 
odlltlie. IneIndJni; a report on iho feprenenEatlves of Ihea? faullies In the 
coIlKtlons of the UnlEed States Nnllmml Museum, Sy TlDbcrl tyo nh Clark. 
Quarto. Pases 21S+, with 33 plates. Part of ToL XXXV. In prcasi. 

Tills memoir gives a snmiiiiiry of present knowledge of tho two rnmllies of 
sen cunuubQM, wtilrb lack tube feet 


Tho most Important feature of the work (a the recogtiltlon of tim chatiges 
Inking plitee In the niniurltiE nnd senesceitce of Indlvidunl hoiotburInna, mir- 
ueujnrly la tho family Molopiidllila>. a result of thls^ railtcnl crliangcit In 
nomeacInEnre htive been nwisisary, hut every dfort lias been rinido to hare tlie 
system adupteil nccoid with the most wiilely ftcivptotl ««les. ami iljttn U' n.n 
stable as pomslble. Spceial aitentloa has been giTcn to geoEniphieal distribution 
hat the work tn this line bi elileUy of value ns a suniniary- of our present vitt 
I noiteiiuiite hn-nvledt'e. Artlflclal keys to genpra dnd siieetes Imre U«i) freely 
uHHl with the Intcnthm of ninktog the work nn nsefnl as possible tn all aitbi^ 
fluent Investlgiitors. nod the uumeroua flgtifw, most of which uro copied from 
QthL^r \vrltjBi% rtn? slven wUli tbe saim Id vlew^ 


U, Uoliccfhnr. 

In fbt? of SmitlisaiiEuii CflU^'UOns Qicro ivi*ro pnbLlHlicd 

2^ papers In llie Quarterly Iskuc, Vol. Ill, Porta 3 and d. and VoL IV Part 1 as 

folJoWfl; « 

litSiX Bmlthwnhiu XUBci’llniieDii^ ColTectSorw. QucrU^rly TSsiie. Yal II 
Part 3 <cdhrnlnln« San, Oiftnifo. Png^^i wrih plotK 

LIX-L 3 C||^ 

The Specie^ of ^^e5^]aito«!f in Genns MegnrliTaiin. Uy Tinrrlis^n G. 
Dyitr tinil FredprSrk KtwJx PuhU 6 hi? 4 l Be^tetnbor 27 ^ OelaTp. Pui^ 241 - 


A Conlrlliuit^n lo the Khawlcd^^ of »iue Hnulh Amerleno llvmenoj^ 
rem, cLlefly from Pftmpoflj. By C. BcJirottifr. Pubrtslieii Fehnjan' \ l!WvT 
CietJira, 25&-274 

HtSS; BfewTliJtlQii of 0 xew Squirrel of tho Srlnma i>r^j.osEll Group from Putt, 
Tcuiaju, We-rt CijuKt of B^mieo. By Mnrourt Ward hyan, jr, l-ebru- 

ary 4^ tftTT. Getuvo. 2T?5™2T0, 


Tbfi Squirrels of ibe Se]Dru9 vEttatiu, Group 111 SuinEitfa,, By ^ruretiH 
Ward Jr. Published JTcbnmry 4, 1007. Octavo, Pages 277-2S3. 

1001. A study of the BultcrUy Wing-Vena(lou, with epeelnl tesard to the 
tndlnl veto of Iho front wins. By Thonm* J. ncadlefe Pobllshed Februnrv 4 
IW7. Octova, Pages SSf-SfflJ, with plates ux-tim. ' ' 


HSB2. some Noteworthy Eitrtt-Europenn Cyprlnliis. By Theodore Gill pnh. 
llahofl February 4. ]W>7. Octavo. Pngias 2fl7-^(X 

10B3. A review' of the .^merlcnn Voluttda?- By Wllllnm nralery Dali Pub- 
llshed !■ chrimiy 4, IB07. Pages 341-373. ^ 

HkH. Note* to Quarterly Issue. Vol. Ill. Part 3L Octavo. Paa-t T7 J_-ito 
lOOo. Siultlewijlan Miiwellanemw Collections. Qunrterly lasne" Voi III 
Part 4 fcontnintog .Vos Octavo. Pagw 33l^-kt7. pl„|„ ix.vW 

nud table of cantentn and indci to Volume ill of the Quarterly Issue 

IdUIJ. The hreedtag habits of the Plorldn iillljptlor. By Alljcrt M. iterae 
PabllHhcd May 4, 1007. Octavo. Pbbw 381-387. with ptiitos ijcrv-ucv 
HfD7. Life hbrtorlffl of Tondhsbes (BoiracholdldiO, comjmred with those of 
Wenvers (Ttaeblnlds} ond StatKnzers (Clmiioseoplds). By Theodore GIIL 
Publifiluid May 4, IflOT* Octuro. Pages ■38&-427^ 
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im The Jetttr Dr. Dies® Alvnrcs Clmtu-ii, doHNl 14&4, rxvljitin^ to the 
^Dd vciinKe ot CisliiEiibns to Atcerlin (boln^ tliii flrK( written dcK^nient eii 
the nattiml ethoogrtipb^^^ niiil ctUikEilopj of Amerlen), TrnnFilHtiMl* with 

cotra, bj A. aL Fertuiijclejc de Yharrn, I^bltstiiN] Muy 4, IIWT. Ck^nvo. 

453-437, witli pinto 

Tho orl^u of tlie 4sa-calJod Atlantic njilracilsf plniiLR of weatorn 

SoTway, By SEeJnEheeir* robllsiU^t .\Itty 4, 1^7. OctHyo. Pa^ 

4t5S4il3, with plutod Ijcirti-Lxir. 

1700, Mflnnenc ata (-aiiloEit-t of the Tn^bujJims nnil other (TJIsqa of the mnud 
ot PalnwjiD* rblll|iplaos. By .^Tanuel ilu^ VonturoUo. Puhlt^hed l!ay -L 
1007, Octnvo. Pages 514r-S^ 

nm. Nuteifi to iltinrtcrJy Ifttruc, Tol, Hi. Part 4. OetnTO. 350-Ct]i:t 

iftlJl, Bmltlifw^ciUEn Ml In neons Collections;^ (QuEirterly Vol+ lll)» 

Vol, XLYIIt. Octovix ranges vJL with pJjiteR i-ux, 

170(5. SmithHnnhm Mf^oelSnnooua (.VlleetlDUf]. (QtinTterly Ishuo>i Vol. IV. 
Part 1 (eontiitnlnjr Xos. 1704-lTld). Octarou Pnges 1 - 131 , wEth plates i-xit. 

1704. Xotea on Haute Ppiicr Cretace^Tns Valtitklir, with iloseriptlamt of n new 
Species find o revision of the graops to which tliey helotig. By \V, H. Dalh 
Publlsliea Mnreli IT. IfHlT. Octal vo. Pnges l-STh 

Notes on jiuane squErrols of the blunts ItlpjiuniB gioup, with ilescrlp- 
tlons of tnt* now Fpea^oL By MnrtUN W, Lyon, Jr. PublEahed April S, lim 
OetJiro. Pngos 24^E!0, 

litKl A new Calantirlne snake from tljo Phlllppltte ralnnda. By iH^^otibtird 
Stejneser. Piitilhibed April R, 1J)07. Octavo. Patges 50-3 j, 

1707* AdillEiuitq] rioli-s on ilexlcoa piniita of the genus BEbes. llv J. 1*7, 
RottO. I'tibllBked May 1 + RlfiT. CHiavo, pagn .- 5 ^ 

1703, MorkEElia. a neiv name far Ihc g^m Cbitonia; with dRSErlptlon of n 
new Kpoclcs. By J, X, Bose nnd Ao«epb El. Pnintor PnhUnhed May 1 1007 
Oetavo. Pages 

1700_ The ”\VE|kater^^ ruin In ^oothem Rhodesia. Africa. By Edward 31 
An^^vs. Pnhn^,j^ May 1 , 1007. Octavo. Pages 37^7. with pInteE t-itu 
inD. The Ih^roro Indlnns of Mntto Oimso, BnaSL By W. A. Coot. Pnl^ 
HhIi^ 31ny 1, 1907. Octavo. Pagss 43-05. wEth plates ir, v. 

lilh Cactus MnxonT!. a new cactus from Cuatenmlci. By J. N. Rose. Pub* 
iish^ June IE, 1907. OetiiTo. pages 054»4, with plate n. 

1712. On the clasping nrffnns attaching the hind tg the foro wliwp* In Dytn^ 
nopteni. By f,eo Wolter, Published June 24, 1007. Octavo, Pagcfi (i$-m 
with plates VIJ- 3 C, 


ITlA Xoloft on ATotninuIn eoUecEed at Mount Rainier. WashEngton. By M W 
Lym, Jr. PtihlSabed Jtiiw 57. 1EXI7_ Octavo, Pngos 3&..a2. 

1714. The ArchnEo monetary terma of the UaltctI Stateix By C, A. White. 
Ptlbhahed June 27p 1007. OctOvoL Images 0(5-104, 


T710. Descripftou of Jt eoHwtlofl of Kaotanlo plants from the cPMt Falla vnnl 
field of Montana, By F. H, Knowlton. PubItHhed June 27. 1907. OeUiva 
Ijikj!s 10B-I28, ^i-lth pliilea xi-xiv. 

1*10, JToira tii Qiinrterlj Ta<tit VoL lY, part 1. OjtuTa. f^ps 120-131 
Among the |Mper» la prew Tor the Qijtirterly Issue at the triow of tbe dHnl 
y™r nijv Iw ihomiouod; Tlio Air Sum of the PIgwh, hr Urano .MUller; jd*] 
h^rotJons at Ctwa GrflaOe. ArlMiim, in nad DWT, tiy J. IVnltpr Fi^irkea, 
There was also pyhllnbed In the rcsmlar ecrlea of pie SmEthsonlan MEiwel- 
Inuwu^ l.V>lliHrtlDnH ihc follow-log i^,t of ninearchp* under a gmut from tlw 
Bodgklns fund: 


IHi«>nrohcs on tJjo Atininmuet of Vorj- 'T^npemtute*. Part IL- 
Further notes vii the Self Intensive Process for LlooeCj'Lns Gosea By Moirls 
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W. TmwtB (wttb A. G. 0, Gwjer aDi) F. Ij, UBbgr}. Part of Vot. XT^IX. 
Octavo. 1-14. 

Tbere wa» itt jhwm at tlie clow of tlH> yoar additifthal coploa of tbc Smltb- 
sooEnii M«teoroloi;lnil TahJce in tho form of a UilfiJ edition of tbat work. 

Tlic ^foltoivlni; work waa Isusiicd In contEmintloii of tbo Cntalo'jnie pro(iored by 
Prof, liihvaril a. Iloldoa, iNmial by the Smlthooiilah luatlttltlon In Ka 1087, 
1721, Catalogne of llarttKiuakijS on tbe Pacific Coast 1807 to JD0& By Alas- 
ainler G. McAdEc. Itart of Volume XLTX. Octavo. Pagi '>9 04. 

Tltero was in premi at the ciooe of the year n work on crabs of tbe North 
PncEllc ntiller tbo fotlonTLog: title; 

1717. ItciKirt Oit the CnistoftHi (BraxAynra and Anoniurn), colIcctDd by the 
Korib P.iclOc' Bsplorhio Bxrodltlotl. 1831-185(1, By Wtnijim StluipKon. Octavo. 
Pafioe 240, with 26 plates. Part of Tolnme XtlX, 

Tbf work, written by Doctor StlmpsoQ, who died la 1802. Is edited by Miss 
.Mary J. Itnilibim. in Gie Introductory note the editor tlina dencrlbeB tbc char- 
acter of the report and the eausajt for delay in Its pubi teat Eon t 

'^e North Pactflc Esplcritnr Espodltion was sent out by tbo Nary Dcparttomit 
under an niPiircprlutlou front Congress in iSM. tor “bulldltigor pim’bnsc of^. 
able nml for iiroeecutlag a stirvcy and rccoiiutiEssaiKe. for unval ami 

H H »obrEng Sint IIA of the North Pacifle 

O^ii. und tbc hbInn sens, tut are fretitientetl by Atiierleun wlmle shltHi. and by 
trsdEnp rc^is In tbcEf routes bclween tbo Dulled States and Cblnn.” The es^ 
^lEtlon set roll Ed June. it«3, nnd retomed fu 1856, Cniit, C. IUnai;old U S 
Navy, wait plncnl la rotEimnnd. hut, lieing recalled to Um United SUttcu Jn liu 

as i»olo(jiat After leaving horfoik the flve vessel!! ti» service touched nt Ma* 
delni, anil tliisi proceeded to IToughetig via the Onpe of Good Hotio. On tbia 

and the brig Porjmlse took the ntorc southerly route 

iSL.y^ through the Coral Seas.. by tbc Caroline, iji- 

droiie, ituil Baghee lain ads, a'bile tliesteonicr John IIoHcoek and the other two 
v^ls of the tieei triiicroed tbo strulte of Suiula and aastmr. the Cnrluiiita ntid 
SoDloo Sea.. Subiiequcatly the expedition advanced 

itoHi e -I.”?)"* Kumcluitkw, In 

t^pe oMSood Hdi^^ CfUitoruln, und at Tnblll. rettirnEng around tbo 

rolleCHons ubluEned, It wna BBtlmated that the Crustacea auuibctcd 

“ V* Dr* WlUlam SUmpson lie- 

Mine dila tor of the Chk-nRo Academy of Scleuces, nod moved to that place 
to moterlttl obtained by the exuecllllon aud beleimlng 

^ ,**^1 OovemmeaL Several iirellmlnfiry luipcrs Imd been Me- 

Wtwl hy blm la the Proceed!nua of the Academy of Natural 

^ collectionN with notes nnd drnwEuim were 

Kir eMnf,iln ** Stutcmcnt of loBses Ka^lu^ 

D^iir Stlmjtsea ^nmcfatod the uuiiiuseripi ami druwluim of the flnul remrt 

vL AUOmuni, After Ms de^h In 

this reptirt wiM dlscDvercd nt the Navy Deimrtuient jind was sent to the Snilth- 

*”10rcranlmlcd to the prownt Dme unpuhlSubed ' 

„J f there nre few students of the higher Cnislaces who Jmve 

brief luItla"dMCT^^‘^ ll*htoa timse rare ReiK!fn and species known only from 

been treated im un blstorleal doetinieut, and Is nuM 
fllir ^T i 11*^ 'VI hy the nntlMir, tlie only addltloiw^ias the 

prellnilnjary dcscrlptiOTis nnd the foolnotee giving tbo curraut 

Doctor Stlm^m lt ls 
descriptions will mere than ro«pensa,e*^rVUt 

Thero was alro lu preim at the rlo«e of U,e year la the serEea of Smithsonian 

CalJactJciiiEi the fdlloivlDj; ZkllhlEeBT.3Qti; 

Lnugley, Sevrotory of tb* Stnltbsonlan Iimtltatlun. 
^-IIJOO. MenmrMl meeting December 3, im Addroaan by Doctor White 

ProfeesDF Pickering, and 3dr* Ctutante, Octavo, Pages 4E>. Part of Volume 
NT.IX '''•»«ic 
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III. SniflA»0fifoii ^H^NaJ Repitrt*. 


The^AaouaJ tCeport for ;«)5 wa» dtembntcd early in the flwnl yearj 
IC07. Annual Hepoit of (be Boord gf BrgentB of ibe SinlUwiOQlaa lasUfntlon. 
SboTTini' the otietntloiu, espondltarea, uiid woijltlon of the Institudca ft>r the 
year eodlns June 30, IflCNj. Octavo. I>ni^ hUr, i^TO, with -iS plaOsi, 

The folloivion iwpen Inolnited Jo tl» Annniijjl Report of llw Bonnl of Roi;cntfl 
for J805 were laaued aoiwfately In ptimpblot form; 

ICOS. Jotiroal of ProeeedJnea of the Board of Regciit* of the SrolthBoalfta 
Institution at MectlaKN of December 0. IDW, nail Jitnuntr 2Si nad aiarcti tt, 
tSQS. Report of Executive Cbinmltiee. Acta out] rceolutlou of CoOEreai 
Octavo, Fn^es al-l$v. 

icoa. New Ueoanremenu of t!» Dlatancc of the Son. Rj i R. niisica. 
Octavo, Pages tOI-na 

ItSTO. Photographing Ligbtulug with a Morlng Camcni* By AIm. I^rsen. 
Octave. ra£<!a1l»’]2T, with plates iHv. 

ion. The Tantaliuu Utnp. By \\\ von Bolton iinil O. Fracfloln, Octavo. 
Pages 120-140. 

14)72. Romo ReOnements of Uecbanical Scleoce, )ly Atubtoiie SH'iiser. 
Octavo. Pages 141-jriOi. 

I«7S. Progress In Kudlographr. By L, Gastlaa Octavo. Pages ISl-lUJ, 

With i-Ym. 

1(174 Ilistoij' of Photography. By Robert Dynt. Octavo Page* 1E»-10-' 
wJtb pkites i-i\\ 

1«7S. The tienoiils of the Diamond. By Gardner F. Wlljlfttus, Octavo Para 
183-20!). ■ “a 


Willlani H, milta. Octavo, Pages 
Octavo, Pages 247-204, with plates 


KITd. A description of the Big DIauioiid rocenUy found Jn the Premier Mine 
Transvaal. By i\ H. Hatch and G. B Oorstorphlno Octavo. Pagwi 211-213! 
with jitetes i, n. 

^,1^' lodnstTy. By Q. T. Eellhy. Octavo. Para 

IfSTfll SubmnrE&e Xarli^tloiL. Ej sir 
235-245. 

107^ UbcrlD. By Sir Hurry JolmBton. 

I-¥IL 

icSO. Geographical Rcstiits of the Tibet MlralDn, By sir Prank Tounsbim. 
band. Octavo. Pages 2(55-277, With plates t-iv. 

IttSJ- The Development of Ebodcaia and Its Railway System In Relation to 
Oi^le Dlghwaju By J, T. V. neatlcy. ilctnv,,. with plotc r. 

^ (Sil-. The Ethics of Japan. By Bnrou iCenebu Snyemutsu. Octavo, Fagw 

285‘-307. 

1GS3. In ImjEfi. By dUEtl^ Cn&t^gbtoiL, Octavo. 300-^338, 

Ifl^Tha Fight against Yellow Fever. By A. Dastfe. Octavo, Page# 

m 30 -t 3 ijU, 

1085, Lmnlnogity In Plants By Htms Molloch. Octavm Pages 351-.3C2. 

1090, Notes mi the Victoria Eyre Bird (Metinra Vlotori®), By J, E. Kltsoa, 

Octnro. Page* 363-374. with plates i-n, 

lOK. The InOncQce of Physical Goeaittona In U» Gonests of Bpwles. By Joel 
A. Allen. Octavo, page* 375-402 

.J**®*’.^“^*“* Araoi« Fresh-Water F)she& By Thoodorc Gilt. OctavA 
Pa^ 403-531^ w'lth plate r, 

1(5®. On the Itolattons between U» pnlted States of America and GenmitiF. 
^^idly in the dcid of Science. By Wilhelm Waldeyer, Octavo. Pages 
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AX UAL ELKUtT SMJTliSOXlAX IXBTITUTIOK, 1007 , 


ICSOD, Waltflj? Iteed A By Wultor D. McCaw. OctavOi Parm 

54©-ftritS> wltb plate l 

im. Bodulpli Albert Kmilkerp Sf. D, By WllUam Btlrllns. Octavu. 
Papefl 557-562^ with t>late i. 

ni 0 AetlDg Heer^ttiir'a Heport for l00«p familoji a part of the Auatlul Report 
of Use Board of to CongTRSfl, wtis printed iia uaufll tn pnruphlot form 

in Xovomlierp 11*011, fbr the use of the Emrd, aivd In Jontiary a lor^r edltleti 
woB Issued for (FoWlc dlitributlOKi, oa follows: 

im Report of the Aotinii Bcwroiafy of the SinlUlfionlat] InatltuUofi for the 
yehr ending June iJO, 100*1 Octam Price» OL 

There wa» also iKaocd for the of the Hei^enta u oEuall edition of the Prij- 
ceedlo^ of the Botird. 

]743- Prcrreedln^ of Board of Regeota for the year ettdlQi; Juno ^ JSOGL 
Kf^rt of t^xemtlve CoiiiiiiUt«<e. Acta and Resolutlomi of Cbogp^ Octavo, 
PligeH Il-IL 

The full report for 100a wna in type, altfaon^ not midy for dlatrJbutlou at 
the elfM^ of the JiBca] year. 

JT43, Annual Report of the Board of Re^euta of tlie KmlthBonlnii Itwlltution, 
showing the Operatena nnd ErriODdltnrtw and addition of the luatltutton for 
the year endluj^ June 30, 1900. Octavo, Pages i-ll, 1^0, with 43 plutes. 

The eoutectii of tljc Getierul Appendl:! are iia follc^we: 

1744. The ^Itt^nlan tostltutlon. Oetuvo. Pages t)fT-l02i 

1745. Modern Theories ef Blectrlelty nod Matter. By Mndamo Cnrle, OctariL 
Pages ICa-lli, 

174a Budloaellvlty, By Franz (IlnarfedL Octavo. Pages llT-^LJa 

1747. Becetit Advances In WLrelesa Telegrapliy, By Q, Mareoal, Octavo, 
Pages 

174a. Ile% Woas of the Theory of Blectrolyals, By H. S, Qu-hart Oetnfo. 
PagfB 147-1110. 

174!)- Recent Progress In AstfoDomleal Hesfsfireh^ By (X O, Abbot Octavo. 
PagcH 101-171+ with plates i, il 

iTfiO. Astronomy On Mont Blanc. By H. Radao. Octnvo, Pngw 173-lSa 

iTRli The Problem of Uw Meftnlllferoua Veins. By James Ftirman Kempi 
Octavo, Pages IST-^ 

1752. Irou Ore Reserve By Ctiarlea Kenneth lAlth, Ottavo. Pages 
214. 

I73a The Geology of the Diansond aud Carbonado Wnahlugs of Bahia, BmalL, 
By Cndlle A Derby. Octavo. Pages 215-221, with plates i. it. 

175L The Kmptlon of Visuvlus In April, ifm. By A. Lacroix. Ottavo 
Pagi^ 21^248, with plates j-xnv 

175^ TP the North Magnetic Polo and tbrengh the Northwest Passage By 
Roald Anmcidjrcu. Octavo. Pagn& 24B-273, with plates i-\ t+ 

1750. Iceland: Its History and Inluhltanta. By Berr Jon Stofanssom Oc- 
tavoi Pages 27S-2SM. 

1757. Tbe Beceiitly Dli$mT«rcd TtirtiEiry Vertebrntn of Ii:;gyitL By a W 
AinJpews. Ocdivo. Fatses 295-SOT. 


17B8. PolyirtnbtyoQy Aiul tlio Delwmlanllou of Ses, By & Bi)iniIoB 
piigcM soo-aso. 


Detnvct 


ITSO. A ContillraiJon to tbo MotpLolojty of the Mnmmoth. Elepiina nrimi- 
gEnlUfl BlLiMchflch: Mth uu «p(nnntlO{i of my oitempt nt a rtsitqmtloti By 
E. Pfixenma-yeft Ortaro. Pasw 321-331. with plstto u ' 

libD. Ueredlty* By 1.1. CntnoL. Oetavo+ Pages 33S-01L 
mi. TJirf^ HIsoas of the Cancaims, By a. Yomiolatf. 

3S0, with I, i;^ 


Octaviju Pagieii 345- 
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Ttie FfttifidJUff of C6k3Dl^ by .^tui RexdomL By iakoh Hnbcir* Ot^tiivi;), 
Fiii^c^ 3£^S-3T2, with platei i-\\ 

lilKl* Qnjiterrinr^' numnti Kitiinaliis Jn Contitil fcJuropa By lltiinK^n ObennBler. 
Oc-tuTo. ^a^cB aTS*4^S^7. 

174H, Th? Origin of tlie SlursL By Profeiisor Sabortiw^kL DctaTO, 

3CW™*22- 

17(IC. SFcnJiiit^f in Aracrk*a. By Gi^re FrlodiorleL Dcteiva P&^ 42?(-438l 
17m Zoolo^- nod Mcdlcloo^ By Rurbncl BlancbUnl. Ottavo. Pne^ 430- 
4S1L 

17^7, Tho BGIo of Ch>gioliitry In Fainting, py Etnfeiio f^emnlre, OctaTq^ 
wJtU rliilo I. 

Oils, ^'amlalies^ anJ MedlnoiB C5*d lu tUo Paltitltiff of PJcturcf^, By 

A. p, Lunrlt Octavo. Pases 4;V[>-4da, wBb plato i, 

17«X XatloDal B^dnniatloD of Arid T^ads, By C. X Blnncluif^^ Octam 
4I^)~4012, with plates i-vtt. 

iTrt). Enteroiittoiinl Science By Arthur Sahuotcr. Octavo, PaEca 
ITTL Siimtlcl Plenioiit Lfio^ley, By Qy tm Adler. Octavo, Paffca 515-4i£ta 


IV* 8p€€^ai PuifikfGtionr. 


Tlierc wna during the year a special publication In the form of the 

SmttliHouJan Contrlbutlacd to Knowledge* hut it was not Induded In that serlia 
ainoo only n tlinEted uujnhcf of copies of the neconipanyln^ pinto were avunabSo. 
Tho wors- en titJotl: 


3CiH. Rcniarhs on the Typo of the Foasll Cetacean AgomphioR pygnonena 
tMtlltor). By FrcderLek W, Tme. City of Washington: Publlsbed by Ibe 
fhnBliaoiihin Tfu^tStutlon, 1»07. Quarto. Pngeis S* with 1 plate. 

The author In the tlrst t^fit^ffrnph of the work says; 

^^mtvvrhnt inore than fifty years eiro the SmlthMuilan InstltutloiL then 
^htfy foundoil nndcrtook tho pubIleatiDD of n number of memoirs by Prof. 
I^uls Agnsalss, oiid prcparotl some lithographic plates to nceornmny them* 
Bofon- the u oris hiid priHwdcd verjr far. Professor AgasgTa niado other arrafivt^ 
ments for the ptibllvntloo of bla writ Inga und the plates were nei cr IssuwL Odfi 
of these tttipuhNRhed plates represents the type Epecltueti of a loty reinnrtiahlo 
spiKiei of fossil cetacea IK now known ns ApomMluJ pgi^taaffn* {Mllllerh and 
on newunt of elrcuiiistnuw^ which aro detained below it hns been thouchi 
desirable to Issue It with n brief explanation us to Its Im[Kirtata?& 


As n stMkdnl publicstlon, No. 1722, there was printed an octavo pamphlet of 
BS entEtled ""CInsalfltMi Iilnt of Smlthsonbm Fuhllcittlous uviiBable for 

DlntrlbutLuu A pH I, 3007.” 


For general dJotrlbatlon to conrspandents there wns puhlliboil, without bear¬ 
ing ti net-laS nnmber, a aufflleclmo foimphlct of pages ontltled "‘The Smith’ 
Houlati institution* at WashingtoiK for the Invrpasc nnd DIITiliTdii of Knowledge 
maoug Mom”' rx^n pamphlet gives a brief dcserlptloo of tho functions of 
Instltnlloii and Its hrancbei^ for the general Information of tlw public. 


V* Pvbfiioaltnm uf Vnit^d Stgfes ysiiCftaJ UnKitm. 

Tho publlcntlDns of the National ^rusenm are: \a} The Annual Rcftort, form' 
lug u flcparnte volume of the Beport to Cchj^ress hy the Board of Repents of the 
SudtbNcinlnu InitltntlDu; |6> the Pmceedings of the United States NatEonal 
ilosenm; {c} tlie Bulletin of tho United States XatEonnI Museum, 

The pubitcatloos Issued during the yonr nro eumut-ratctl In tJbo RctMirt on the 
Natlaiii}! Museum. Tltes 4 > Included the Annual neports for and IIKHE; 

volitmcfl ?A and R2 of the Prcwceedingi^f; voiume 2 of BulleUu r^iirt i of Bub 
loE:3n o<l; BullotlD 57 n a iupplemcnt to Bullettn 51: V'olumc XI of Conlrlbtitlotut 
to tho National Oerburlntu nnd three parta of Volume X of the same 
Throe other hulJotlns wcbe lu pm-s nt tbo cIobo of ibe jenr. 
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iiNKUAL HEPORT SaiTTiiROJTIAN IN’fiTlTUTlOK, 1901 
VI, Pt4ttHca(iont of the Bureau of ^nrrrfnm Ethnotofut. 

The tweotj-sixtb onttiial report of the Stireau of AUKrlffiiti Ktliaolofiy anfl 
Bultcllnii 33, 34,3!i, nod were »ent to the prtntier durlog the ymt. BulleUps 
31 itnd 32 wore pobliitlKft lij July, Port 1 of Bulletin 30. UaDdbook of 
Adlans, appeared In ifarcli. and the twenty-fourth oniinnl report Id May. A 
list of palillcatlosn of the Bureau and a special article on rtidlnn uiboiona were 
issued Jn June. These publications are elsewhere deserlbea In dotaU Jn the 
report on the Buroau. 


VII. Rejmrt of the American autoricoi Asmeiatfon. 

The annual report of the American Historical Aaeoeiotlou for the year 1006 
’*i^i*T* In 1800, and VoJunte 1 was completed In November 

Jii howeii'cr, couiprlBlno « complete blbllogranhy of the 

pnhllretlonB of American historical societies for more than a centiiry, tmd not 
1*0011 Issued at the close of the ttscal year. 

Tbe manusmtpt of the report for lOo© was received In May. 1907, but wan 
not forwarded to the printer until after the close of the flscal year. 

VIII. Report of the Bttuffhicrt of the Atnerican Rcvolvilim. 

The nlnUi report of the National Society of the DauKbtere of the American 
Revoluttott was reived from the soclet)- In ETebruur?-, 1007. nnd submitted to 
Congress In acccrdauce with low, 


IX. SmllAsonhm Comtniitee oa Priniioff, 

^ " secretary of the Sralthnonlnn ndvlsoiy committee 

and pnblicotTon. To this commlttoe have |>ecn referred the juaaa< 
I'uhllcotlou by the various brsnehn of tbe Itmltutloo, 
SlLlSr 1“ the Quarterly Ireue of tbe SinlthsaiHuD 

committee bos hIbo poased upon hlotik fUrmS 
far euremt ^ Jn tbn Institution nnd Its branehes. Tbe commtttre causidcrcd 
Md re^rt«^ to ^ Secretary on various questions relating in geaeral to prlnt- 

ifnZijn’J during tbe year and lOl 

maniiscrlpm were reporbed upon. 


X. Pre*a Atmtraeta of Pohitoatlouo. 

BcgEnaC^ In March, IflCff, nn editorial assistant was assigned to the iirepars- 
dou of nbotrecta of anch publlentloos of the InstUuOon and Its hreic^Tre 
renid he put In popular language for the use of newspapers ibrooghooTthe 

^ei^gatlona and longer descriptions of general work In the National Sloreuim 
the lute^tlaimi Eschaages. the Astrophyoical ObBervatory. the 
Pork, nod other hraaches of the Institution's work. 


Dr. CHAKUra D* Walcott, 

S€Cr€(arif of the ^miihjiQnian Imfitviion. 


A- HowAfij} Clibk, 

MditoTo 
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AD\rEKTISEMENT. 


Till* ol>iect of th« Ge>'eil\l Appendix to the ^ioaua] Report of tlie 
Smithsuiiiiiii riisttitution is to funikh brief flccoujita of scienliflc dis¬ 
covery ill purlicubir direcLioiis; reports of investignitioiis mude by 
collaborators of the Instituliuti^ and ineuioirs of u general clmraclcr 
or on special lopii^ that are of interest or valttc to the Dninerous 
ooijespoiideiits of the Institution. 

It has lieen a prominent object of the Board of Regents of tlie 
Smithsoniiin Institution, from a very eiirJy date, to eiii-ich the annual 
report required of them by law with memoii's illustrating the more 
remarkiibie and itiiportanl derelopnieiits in physical and biological 
discoven-, as well as showing the general character of the operations 
of the Institution; and Uits purpose hns, during the greater pnrt of 
ite history, I wen camerl out largely by the publication of such papers 
as would pu<!$$c.>s an interest to all attraetcfl by scientific progrcHs. 

In 1880 the Secretary, imluced in part by the discontinuance of an 
annual summary of progress which for thirty yearu pnivious had been 
issued by well-known private publishing firms, had prepared by toni- 
petiuit collaborators a series of abstracts, showing cunciselv tlie jiroiu- 
inent featitres of recent scientific progress in astronomy, geology, 
meteorology, physios, chemistry, mineralogy, iwtaiiy, zoology, and 
anthropology. Tins latter jilan was contimieil, tlmugli not altogether 
sadsfaetorily, down to and including the year ISSS. 

In tile report for 188J> a ivtiirn wos made to the earlier method of 
preaenting a miscellaneous scleetion of pujiers (some of them original) 
mbraciiig a ronsiderablc niiige of ^scieniifie investigation and discus¬ 
sion. Tills method has been continued In the pieseni report for 11)07. 



SfnilhKHV-ui fl^port;, IftO? — 



6ecTic>M Throjoh Compound St^am TUBHiIWEh 


















THE STEAM TURBIKE OX LAND AND AT SEx\^« 


By Hoil CHAKLOi A. PAmsosfl, C. B., A., D. Sch F. It- M. It. I. 


It was with isojiie diflidciicsa ihftt 1 iic«pteil the subject nf sitcom 
turbines on kiiid mid ai fur thi« cveiiiiif^'s leetiiie* for Fince I had 
the privilege of douliug wUh this subjecL years ago in this nxirn. 
tbei-e seemed to me to be very little new tu add. cither from a scientific 
or a practical point of which had not then been to some extent 
cx>ns]dered. However* after coiisideniHow, there seemed to be a hope 
tiiat an account of some further developments during the last six 
years on land and on sea, and a man? cstendctl ilescription of the 
niechanics of tlie turbine and its applications, might prove of some 
interest* in view of the more gimeml isdoption of die lurbine principle 
for the generation of electricity, for fbe propulsion of vcseols, atid 
for driving Blr-cnrnpressorsT immpSv 

Six years ago there were 75,000 horsepower of turbines on land, 
iincl 25*000 on sea. At the present time there are more than t^/KKJ,fM)0 
horssepower at work on land and 800,000 honiciwwcr at wcirk or build¬ 
ing for ui?e at sea. 

There are at present afloat, equipped with turbines, three pleasure 
hicoincrs. nirie cross-cbaiinLd fitKiinet>r* five octtan-going vcssjela^ tlireo 
Atlantic liners* six yachts, three destroyeTH* iiin! (wo cmisers. 

Yet it can nut l>e said tluii tlie turbine engine is Fuj^em'ding t1ic‘ 
ivciproenting engine gcnerallyH, although this ii^ iindoobtcdly to some 
extciii the cinse in certain fields of work. 

On land the chief application of the turbine La found in largs.^ otec- 
trical giuieiTiting i^ations. and its adoption in preference to the piston 
engine, hi its most develo|inient of cfnujKaiiiil, triple, or 

quadruple expansion engine, is iMH^oming general in this field of wort. 

At sea. its use is conunencing to extend fur nil the larger and 
faster class of sliips; fur cross-channel steamers ii ha:s found great 
favor^ and for AMiuitir liners and ships nf war it is l>eing iisetl to a 

' PaiMJr rtuU before Ttie Ueral InBtltutltni uf Ur^t BrUaLa at Iti wii^ekly 
cTFalna Friilny. llay -1* IliCKL IteprlmfhJ, pcrml^Ion. fiuoj ibc 

TrfLiiBacUoii« of the RoyaJ lu^Ututloa, 
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more and inor^i coti^fiikrnhk (?xi4?nL and this tendency is not coiiJinef! 
rtloiu^ to EtigluntL bid s'liowii also on the Cmninent, itiid in the 
IJjiJted and JajjiiiL. It will give a tdcai'er idea uf the subject 

if we. hrst of all examine more dn^^ly the characteristics of tlie steam 
turbine, ami gener4tlly liow it works. 

All turbines derive their fwnvet tvoni the impact of the steam, or^ 
more correctly speaking, from llie niomentiTm of the steam, flnwniig 
through them, juBt as a windmill receives its piwer from the wind. 

There are thi'ee principal tyi>es nf turbines now in general use, as 
well as some whicli nuty bi.* descril>ed 055 admixtures of tliese thi'ee 
elnsHCH. They dlifer esstnliiilly in some it.^i>ects* more particularly in 
their iiiethovLs of exlrattiiig the powei- froin the steann 

'rile to itH^^ive commercial upplk-atiuiu 1884. wii^ the coin- 
poiiud or luullipie expatisioti steatii turbine; the second was the l>e 
Liival ur singlc-lnieket wheel, in 18iSB. driven by the expanding Hteam 
jet; and, lastly, the Cnriis Mirbiue. in wbsili comprises srtme of 
the princi]ail feaLores nf tlie oLhei's combineil with a sinuous treat¬ 
ment of the steam. 

Ill the compound turlurie, the steam is eatiseii to tlnw ihmugh a 
series of many inrhine el emeu ts of gradually incrensing ^izv.y griid- 
OLttE-d s<) as tt> allow of the expansion of sterim in small iiicrejnents of 
vedmne at iNicluelement, these incixmienls of volume eorresjjondirtg to 
the fail of pressuix^ necessiiry to cinise the? steam In iUnv through each 
element. Each element consists of a row of guide blades und a row of 
moving blmles. The guide blades are attaelieil in circiimfenuiitial 
row.s to the Liuri* and pri>ject inwariily. and the movdng blades are 
attaclicd in n>ws to a drum and projecl oiiiwardly. The end of 
the blades Lhi^:>ughout the turbine nearly touch the drum ami case 
rpirpeclively. 

To fonn some idea of the forces at work iti a turbine we j^boidil 
-consider* widi approximate oecuracy. tliat the liteaiu dowi^ tlirmigii 
the turbine witli a force alxiut ten times ns givat as that of the 
,slronge5it hurricane: and though the force acting on each blade is 
small, perhaps only a few {>miceB, nr in I he hirgivst only 11 few pounds, 
yet ill tlie aggregate lUe force is great and cau propel large ^hips or 
drive large dynanKts. 

The important factors upon which the proportions of tlie lurbine 
arc basiui are the psvssiiresi. vclociLies niuJ {XWccivtagcs of moislure in 
the Htevmi, as it gruihmlly expands from turbine row to lurlnne row. 

The fdades of the turbine are iiutcic of rnlled and drawn brass, 
well Khapeeb and poli«lie<l m as to reduire lln^ frictional losSiJi^s in the 
steJini to a minimum. The steam enters aJI rouiul the shaft anil lirst 
traverses the sliorteBt blades on the snuilhi^t ilriim, tlicti thmugh 
larger nud larger blad^ set oil larger nod hirgf-r druriis^ and so on 
till as it Icttves the last blades it is expanded aboul lOO^fold in vol- 
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lime, .\l iKe opposite uiid to the liliiUe ilruuis firti swn the biilant'B 
fiistoiis, nr tiiiiimiy tlninis, which .serve in Imlnneie ilie end piv?ssiire 
nf the stentii, iind ure kept steani-tijilit with lhi‘ nisiiig Ij>’ piiekini^ 
proMvea on the fhiinniy dninis wliuli rotiite in cIom; )jruxinnty to 
I'orrviijKHKlinii but stationniT hi ass riiiys keyeti into tlie l‘! 1 «'. 

In Iiiiid tiirtiiiies, for driviiifr dj'nanios or other fust moving mii- 
ehinery, no etui-pressure on tlie shaft is Tt-ipiinKl, nor is it jiermis- 
sliile Iw'oiiusc of the uKK-hatiiriil ilitliciiUies met with in thviist-heaiiiigii 
ciirJTifi|l heavy end-pressure iiiid lutiiling at high sixt'd. unn.! tJicre- 
fore biiliinee jiistonH aiv )ir<iviileiL wliicli. while laaiig |iriiL-t1eally 
steoin-light. serve tii ijiilanw all end-pressure arising from the steum 
acting upon the rotating latrrels jiiid vuiK^s. 

In marine turbines, on the other hainl. the ihiinmy drums are so 
proportiorml ns to leave an unliaiaiiced emi-jii'e.'Siire, which eoniitcr- 
ucts and bn lances the thrust of the propeller, thus relieving the thriist- 
th'ui'ing from pi'C-ssure. 

'I'he bearings of the engine, it wiil lie sih'iu have only to support 
tiiP weigliL of the rotating port of the rngitie; ihis is conJparalively 
siimll, iiiid IIS I'ontiinioiis liiiirifiition is provided by an oil pump 
wliicli idrculates ihe nil tontiiiuonsly thi-Miigh the journals round and 
n>itiid. theii' is practically no wear, even after years of i?oiilijlimits 
wnrkt and the iiiaintenanet? of the sliaft in a truly neniral po:-itiun 
rchitively to tlie casing, wliicli ui of gn^at importance, is easily main¬ 
tained in practice, 

liefore (inM-eeding further with the examination of the compound 
steam tui hine, let ns consider the IX' Lav al sieam tin bine intiYhlnccd 
liy Doctor l>c Luvul. of tstockholm. in ISSS. 

Ill this inrhiiic the steam at full pressure issues from ii diverging 
coiiicul jet. so formed ami pro|wr(i(intn[ that the steam after piissiug 
throngii the neck of tin* jet enliTs ii gradually divergent passage of 
increasing cross-sect ion. in vvjdch it expands; the result living that 
nearly the whole iivailahle energy in the steam is iililiziul in impart¬ 
ing to it a very higli velocity, reacliiiig, with 100-in mud boiler pres- 
Siiiro and a gtaxi vacmim, as imicb as 4hi(K> feet per secomi, and the 
discovery of this property of the expLiudltig jet Is due cliicily to 
Doctor lx Litvah 

Tliis nipitlly moving column of expaiideil steam is direcleel ngaiast, 
Clipped sttH'l buckets on the pcriplicry of n wliwl made of the 
Klrongtst steel, the wln*ej iH<ing shaped so ns to pcnidt of the highest 
|x*ripherjil velocity consistent with wifeiy. which may Ik* from 8(Mt to 
l.gtHJ feet per secimd: the stuiiiu- hy striking the cups and reaeting, 
partly by vidoiuty of How and parily hy elafitie gaseous relKiiind 
from tlie concave surface of the cups. k*avc4> the wheel with a con- 
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siderulKle buckwarJ velocity, und lo oblaifi the Ikiffhest cSicieQcy it 
is oecessary to reduce this hack ward velocity by iiicreasinf;: the ve¬ 
locity of the wheel to the The stroiigi^Kt materiahow¬ 

ever, do not permit of a close approach to the speed necessjiry for 
the maximum elficiency: yet in tliis tiii'ldne. owin^ to tlie compara¬ 
tive ftbfsenee of losses, which are present to some extent in the other 
types (and which we will cojisiiler pn*s4'ntly)* the ellir'icncy of this 
turbine compares favorably for moi:lerate and small powei^ 

In (Ills l^eautifiil roTistnUEioii, developed with mcfdnon ical skill 
and guided by nu inti inn Le Eirc|iiainiuiK'e willi I he properties of si cam 
anil 111 a tennis, there are jnnuy minor fentut^ of ijilen^Kl. Anion^ 
them iiiay Iw mentioned the elaslle shafu to [H^mtit uf tlio rotation 
of the turbine wheel about it a dynamic axits. A devii^e, consisting 
of frictional damping washers, wliieh had the same purpose ns fins 
elnstir shaft, was n^cd in in the early development of ihe com¬ 
pound steam turbine. It wus su|H‘rseded in by the danddng 

cffiK-t of thin films of oil Intwecn several concentric loosely-fitting 
tubes siirrouiidiiig Hic bearings. 

The De J^jvol turbine has fur many years bi'eji esteiasively ii.sed 
on the ContiiicnL and in this coiiiury, in sizes up to about 4W horse- 
power* Its chief use has Ikeen for (be driving of dyuanKis. pumps, 
fans, and motive power generally; amb owing to i(s veiy high 
angular siHi-d. it is necessary in ino^^L rasefs in use gearing, except 
when driving vem' fast-mnniiig t-riitrifLigal pumps and fans. 

The gi^aring is of steel* and it aei-urately mit with very fine 
spinil t^'ctli, and it works sntisfactorily even nt tiie &i|>ee€l of 30,WO 
revolutions jn^r tiiioiiLe. 

Let us now consider the C'urtis Inrbiiie. It runks iu a class by 
it-sclf. liccaiis^* it cotiiprises the principle of the siiitioiis ttx^ajmerit uf 
expnmleil sdeiim first put into ext ended i‘oninieiviiLl use by Mr. Curtla 
under the uuspire^ of the Gcneml [Clcciric t Wipany of America. 

This sinnoii^ trciilrnetu of the.Alenin consists in giving to it a high 
iiiitijd velixity by passing it through a jet of the De Lnvul lyia*, or a 
group of such jets; it tlien iuipiiigi^ nu a ring of bucket bhule^ like 
those used by De Laval, and after Ira^ ing tlio first row^ of sticli Ijlados 
It is cauglit by n ring or n secLor of irtittionary bucket-bladesi^ wet in 
the i^cvei-sc dimnictit and by them direction is changed inio that 
of the next fiuccei'diiig row of moving IdaiU's (there tiiay lie (hree 
rows of moving Id a lies in all and two sc^tcirs of fixed blades); and 
rlie heiglit of cacls succeeding row is iriciitaHt^d, to allow a gnater 
tiren for tlu^ steam as ii Hags in velocity after eacfi rebound between 
The moving and fixed bludes. 

The nbjet t of this lix^jvtnient is to transfer li lurgi^ fuTccntagc of 
the kinetic cnergj’ of the rapidly moving steam to ilic moving blades 
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HUfl wheel, without the nectSisit.v of veiy high peripheral speeds of 
l)huies. such as are necessary witJi ilio single*wheel type. As regards, 
Jiowever, “multiple series action,'^ the principle teWmbles the com- 
jx}ijnd turbine. • 

The expansion process in nozzles, anti subseqitent sinuous treat* 
luent of the strani, is it'ficatetl seveml times by four or more similar 
wheels oil the same axis, but in separate steam-tight diambers. until 
the steam is fully expunileth 

If there are four such o|)emtions, the vdneitv of outflow from the 
nozzles will be atjoiit 2.U«0 fwt |k'j- secmid. anti the perii>herBl velocity 
of wheel about -JtK) feet jwr senuiij; niu] at each operatitm the steam 
is expanded llmuigh otie-fnnrtb of the whole tunge, ant] at eacli it is 
bnmghl to rest liefore flowing to the next rhamber llirough the jots! 

*V gnmt many oilier varieties of tlte turbine have been prt>i)ose(l. 
and .wmc have r^ivetl a limitetl application. The litiieau, the Keid- 
ler .Stumpf, the Zoelly. the Escher Wy-ss. ami manv others might be 
nieiitmiied as varieties of the thiee fimdametital t urbines we have con- 
sitlercd; intleetl In stmie cases tlie variation would appear to have \mn 
only a retrograde step, amt represents some discanhtl form tried hy 
one of tlio originators of ibe three fundmnental types. 

As far as we can gather from the history of the steam turbine. It 
may l» said broadly that all the chief features at pnsent in use in 
turhmefi have been suggested or described in the rough by exptTi- 
menters long iigo in the liuiidnni and more patents prior to I8S0. 

For instfliice. Hero of Alexandria. B. C UJO. made a reaction 
wheel. 

Tililliajn Ciilmnre first suggested the compound steam turbine in 

1S3 i + 

ilatthew Heath first, enunciated the principle of the diverclnn 
conical jet in 1838. ^ ^ 

.Jnmes Pilbrow in 1842 used cnppe<] buckets, and suggested a sinu- 

oiij> f roiitriK^nt of tliij .slenui. 

Robert TV iIson developed the compound steam turbine to a con¬ 
siderable extent in 1848. 

It would Hike loo long to trace the initiation of eadi idea, but 
we may say, in (he light of recent experience, that most, if not all, 
the designs sliowed u want of knowledge of the pwifierlieK of steam 
and materials, and ctmid not have given u s«ti.sfaetoiy performamxi. 

Let ns apin recur to the eomponnd turbine, and kxik more doscly 
into the principles of its working, and more partk-ukrly consider the 

eont^ of the steam in its passage through the vanes or blades of the 
eng'jjie. 

\ lewiiig the turbine as a whole we see that the steam passes through 
the forest of fixed and moving blades just as water flows from a lake 
ilJTSo—08-*—11 
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of higlipr level tli rough a series of rapicb and inter^i^nlng pools to a 
lake of lower leveL The boiler corresponding to the lake of higher 
level and the eoiidenser to that of lower level. 

In the flow tlvrough the tnrhiiie the steam is repeateflly gathering 
a little velocity fnira the small falls of prc^Hsire, which is es soon 
checked and its energy tKini^ferred to the hlatles:, over and over agtun; 
fifty to one Uunrifed times is this repented before it is fully expanded 
a till escn|}es into the condenser. 

The numl>er of lilades in a steam turbine is very giiiat: in o 2,000- 
hornepower engine it may Iw from 20.000 to ,“*0,000 niid the surface 
si>eeil of the several barrels of the turl>izic will Ijc from 150 to ^100 feet 
per second* In such an engine it in arranged that the lineal velocity 
of the blades will approximate to onedialf that of the tangential coni- 
jjonent of the steam issuing from the guide bladvii. Tlie blades^ ii-s we 
Lave seen* curved, with thickcncxl backs, and are smooth; the 
^^teain therefore Howe arenmd theni, and past thenij without much loss 
l>y sliock or eddy current or frictional los^^ llie proportion^ of tur¬ 
bines JiK n^gards diameter, height of blade, and blade o|>enings are 
calculated so that, under average workiug conditions, the correct 
cxJ>an^’^on of the steam ^hall Ijc attained, and the fall in pressure and 
velocity of steam at each turbine of the series sliall be such aa to secure 
for it the highest efTiriency. 

When a tnrhine is tested the preissuret; at many points along the 
l>arrd ai-e recorded, and the calculated preiPKures coiilirtned and veri¬ 
fied Ijj experiment, and Ihewe are usually in clo^ accorcL As the 
rcHuU of data armnuiluted fn>m expcriinents on many tnrl*irie.«, the 
probable horsepower that will lie obtaimiHl from a given dcisign of 
turbine can \w preiiictetl with as much jiwun^cy as in the caise c*f the 
reciprocating engine. The t>est result? that Intve Iwii obtained from 
lurp^ turbines whow that about 70 pet irent of the availiililc etiergi" in 
the steam is converted into brake horsepower; and where, we iiniy 
impuits has tlie other SO per cent gone to? 

The chief los^ of elfieicncy in nil steam turbines are due to three 
principal causes: Firstly, to skia^friction of tlie steam coursing at 
higli trmperEiture throngb the small openings between the blades; 
secondly, to imaA-oidahle leakagw: and, thirdly, to eddy-current losses 
arising from insuffiideDt blade velocity and eirorn of workmunHhip. 

The firs.t of these loses, the friction of the steam, is reduced by 
sufX^rheating, and thus partially removing the fluid frictional lc*ss 
arising fivnn the drops of condensed water mingled with the steam. 
In liome ctiisea this gain in efficiency is worth the extra cost of the 
FupiU^hcater. but, unless intenuediiite finperhetitors are u^K initial 
superheat cannot be raised high enough to maintain diynejss through- 
out the inajf*r part of expansion without dei^troying the turbine. 
Modende initial suiierhual, liowevei'j is generally wLLb suiiiegain 


S^f!iE|i:N>ii«ut 11^JP —iPuiani. 


Plate. II , 



Ah EtiLAnQEO PHQToaflAPH of a Steel File, 

SHOVFkKC THE DeETRucTIVE ACTI0« OF StEAM AT HhIh 
V£i,ppCiTies. 

TIiLn 13c i*jw fj-jr liTi twun* tliir ii-tkHi tif m U*i hIcajh at 

IVJ jmiiniln proifru^v, <UM,'hAr|tltijf Hum a cuMiit-Eiwr jiru^tcuE 1 
kiH.-h ikIPHniiiir M im-rfUfT, 












































TIIK STEAM Tl'SHISTE—^PARSONS, 


105 


in economy, which in the coiniK>un{l turbine Jimounts to 1 per cent 
for every 10" F. of supttrlivnt. Thescconti loss, which is from Icnka^, 
is present in the com pound nud the sinuous types but not in tlie De 
IjuvrI tyfw. The oaiount of this loss deci¥!i.ses ns the size of the en/;me 
increeseii. It is else chiefly c-utisecpuutl on the nM^Rieient of expunj^ion 
of metals, wfuch is n buglieur to the turbine tlesiguer. If n metal 
with ti much suiiiller ccH^ifident of ex|)itiisinn tinm Hlcet end iron ctjuld 
la? ot»t»ined at )i reui^niihte price iitui of suitable qualities for the con- 
sti'urliuii of turbine cases, drums, and shafts, a considerable increase 
of economy could lie obtained, as it would allow of smaller working 
clearances and less leakage. The third loss, fixiui insufKcieul blado- 
veirKrity, is not present to a iitaterial extent in tho lurger <?ompound or 
sinuous otiurse turbines, hut is j>resent, os ulreatly explained, to a coii- 
sidcnible extent in the single-wheel type. 

Reviewing mone closely tlie tiiution of the steam through the blades 
of a compoimd turbine, we see that tiie [KrtiffU of its course during 
which it is triiveling at relatively high velotrity. and in close prox¬ 
imity to lire bliidcs, is short in coruparison with the iotul length of its 
lrax*el within the turbine. The passugew'jiys ln'tweeii llie blades con¬ 
stitute virtually jets of rectiiogolur cross si^etioii, but having ea.sv 
curves, and the frictional los^f^js are cotise(|ucnt]y sinalJ. After leav¬ 
ing the blades, it traverses the iutervetiing space in the form of an 
annular cylimler with a spind motion, the angle of pitch lieing idwnt 
30'' to 11 plane noniial the axis; and. m the succeeding blades are 
niotdng ill a similar direction to this flow, we see that die velocity 
w ith tvhich the steuiii is cut by tlieir frontal edges is much less^iii 
fact, less than one-liatf the veloiuly at which the steam has issiiwl 
from the previous libidos. From this wo see how small is the low! 
due to the cm ting of the steam by the frunlal edges in the compound 
turbine, and also how siiiall is the velocity with wliicli drnijs of water 
strike the iiictnl of the bliules. 

This is an importiiiil fraliire. 

It has Iwen shown liy cxperiinont that if drops of pun? water, 
arising from tho condeuicition of e\|xitHUng steam, impinge* on brass 
at a greater velocity than about 500 f(?ei |)ei' second then? results a 
slow wearing away of tho metal. It is very slow, and would require 
nliout ten years to criKle the surface to a depfli of ^ inch. In tliu 
eompoutid tnrbijic the striking-velocity is mndi below this figure, 
and tho iircservatiim of tht?ir form and smoothness of surface” has 
licen found to be practically indefinite- 

I( apfienrs that the erosive power of drops of pure water moving 
ut high Tiiolocity increases rapi<l1y wudi the velocity, it may probaldy 
1k' us the sr|Uiire. Fxpertinont has shown that if saturated steam iit 
lOO pounds pnsistire be ulluwed to tlow through a divergimi jet into a 
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^ooil vaeiiiim* aitpiuiti^ a vclwiiy of fllwui 4,»>00 feci |>Gr if^eond, antj 
allowed to impinge on a utiitioiiaty brass blndc, the blacl* will be cut 
tbrough in a few hours, and the hardest steel will lie slowly eroded. 
The nctioo seems to bo the result of ibe tuleiise local prtriisiire frf>iii 
the boinbsirdmetit of the drops, which iimy exceed lOO tons. 

Owing to the recetliiig vcltxiity of the blades fitim ibc blast, and 
consequently rediKjed striking velocity, the erosion of the blades in 
impact turbines is much reduced, and in compound turbines there is 
complete imtiiunity from such erosion. 

It mav be aisketl, how is it that the steam turbine in tUe larger 
sizes is more economical in steam per li<ii'se|>owcr flevelopnicnt than 
the best triple or (|uadruple esi>an.si<in recipnx'alilig engine? The 
reason is that till large steam turbines ara able to take full advantage 
of the whole expansive energy of the steam, even wlien expanding to 
the very nttemiated vapor densities pixidiiciiil by the liesl conden-sers. 
It b indeed easy to crmstruct the low pressure portion of the turbine 
to deal effectively with the very altenuated vapor, whereas the re- 
ciprcrfrating engine, frntu its natiiie, can only take full ndvtintiige of 
aliout two-thirds nf the whole range of expansion, and is unable to 
deal iisefulh' with very' low vapor densities—the low-pressiii’c cyl¬ 
inders cun not. fbecause of slnictnral diflficulties) Iw made large 
enough, nnd the last part of the expoosion has to be allowed to run 

to waste, , , 

The gi-nwtb in size of the turbine is perhaps interesting. The hrst 
pructical steam turbine, coustructed in 18S4, w'afi of 10 Imrscixiwcr, 
Ity ISOa tlip largest size for driving dynamos had reached ilOfl horse¬ 
power. It lias liecn ctmtiniiously increasing, and has now* ix^ched 
JiJ,(KK) hoise|)ower in iiue unit driving one altmialing ilynanio. 

In ISM the Tiirbinh, of ‘l.WK) 1. Il, P,, was conitneiic&l. The 
dingriim (fig. ('0 shows her low-pressure and reversing turbine. Iho 
Ij, P. turbine is 3 feet in diamotcr. 

The /xhiff AV/icuJv/ was built in lh02, I, H. 1 ■, and the 
diagram shows one of her L. P. turbines and reversitig turbine in one 
casing, to the .‘ill mo scale. 

In ISXKi 7'Ac of 0.000 1. IL P,, commemaMl to ply lietwwn 

Dover and Pubis, The diagiurn shows one t>f lier Tj. P. and reversing 
tiirbinci;- 

In lOO.'i the AUaii linei's Vlrifinian atitl Victfy/’ian, of 1:2,OIK) I. M, P.. 
went on scrricc between Liverpool and Canada. Tlie diagram allows 
one of the L. P. and reversing turbines, which is 10 feet in iliaiiieler 
anti 3,1 feet in lengtli; and in last Deoemlxw the Carmanifi, of 30,00(1 
tons dijrplaretiient and aO.lHX) lionaqmwer, commenced to ply between 
Liverpiail and Kew York, The diagram shows her L. i’. turbine, 
which is H feet in diameter- 
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Tlio ftpplicatinn of tin? ttirbiue to propiiljsiun of vessels ijivolved 
some intei^estinfi problemiv The nnost itiiportant how slow coiiltl 

a turbine I jo iiiiide to roiate consistently with tlie mainlenmice of its 
cfficieri<;y iri steiini eoiisumptioiiT nnd at the same time be of inoderate 
weight atid cost? 

In t]ie same problem natiirally arose the question of how fast could 
a ficre^v propeller l^e made to revolve when propelling a vessel of a 
given si^e anti at a given — in oilier wortb. wSieii sielivering a 

given propulsive horsepower at a given .s|>eed? The Hi’s! qne-sLiou as 
to designing a low-spe^ turbine was solved iii lSj>4 to ISDG, by the 
air! of the accumulation of accurate data from eA|>eriments on land 
turbines; and the modification arrived at in the turbine has been 
cldellj climded to the splitting of it up into two or three or more tur¬ 
bines in series tni the stearin and chcIi working a separate: shrtfi. This 
splitting up of the Itirbine I't^iidts in u tw'ofold advantap*^!?. It inakffi? 
the turbine fvvldeli oUicrwdso would Iw wry tong) luuerh shorteCt ^^i^l 
liecaiise of tadng nhortcr ftiier cleartiiices and lc«=^ loss by leakage 
sultSj and I he whole engine is liglitencd, A seevnukry gatn^ l^^MJllting 
from the division of the fiower over stn'cral separate shafts^ aiises 
from the fact that smaller propellers may be used;, making higher 
speeds intation admissihks which again acts in lightening and im¬ 
proving the economy of the turbines. 

The second question, tlnit of the propeller^ was much more diflicult. 
It was not simply the problem of designing a screw with u moderate 
>Up ratio and a nuAlenite loss by skin-friiTiioit of llic blades in the 
wateVj hut it was cxjmplicated by eavittition, or the hollowing out nf 
the witter mid the produclion of vacuous cavities caused by the force 
of the blades tearing llirougb the water, a phenomenon tirst ntuiced 
Uy 8it John 'riiomycroft and ilr. Sidney Eamaby in 180)1, und by 
titem niiinrd cavitation* This apparntus shows the plienotiienon. 

[A small tank was i^howun with a model of the jiei\':w" of a cross- 
channel b<Mit or of on Atlantic turbine lincrn It was |x>intcd out 
that it was very dil&cult to inuko the «erew cavitate* Ixiciiuse it wan 
eiipccially tlesigned not to cavitate; it was, hoAvever* made to do so 
in the tank by removing the ntmospheric pressure from the surface of 
the water above the |)ru|ieller by the air-putiip* The removal of the 
atnuKspheric preiaure, winch hel|?cd to keep tlio water solid, enabled 
cavitation to 1>e indtu'ctl at a much lower s|ieed of revoliitioiu In the 
tank there was a head of fllxjut 1| inches of water ntiovc tlie topmost 
blades. If the tank Imd nut liwn eNliLiusted there would have been a 
head equivalent to ^2 feet, plus 1 J inches plus capillary forces^ tending 
to keep Ihii water solid. Thenefore^ instead of 1,500 i‘evolntioDS (the 
sjMM-d of the pro|>rl|er wlieu serioii!!^ cavibiMon indneed), a s[hh^iI 
of at luuist 2U,0U0 revululions would have been reijuii-ed (becaui^ fora^^^ 
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iliHl induce cuvimiton vary as the sqilul‘e of tlia surface-speeds of tlic 
bhides).] Serious cavitation ocui^ an inordiimlc loss of power, 
vliielly l)ecauee it disturbs the steam lines around the pro]»lJer bladefl, 
aiut it w'lis proveti l>y this experiment how easy it is to put too tiuich 
work on ii screw. There is n limiting thrust that it will Iwiir, arid if 
we exceed this thrust it will, so to speak, more or less strip its tliread 
in tho water and its eflidency will rapidly full. The solution of the 
prohlcni. as regards the screw propeller, has therefore resulted in a 
moditicwlion of tlie propmliuns of the ordinary propeller, and has 
Inin in the direction of sjuiiller diameters. %vider hiadrs, and u slightly 
finer jdteh-ratio, which three slight cliaiige.s have combined toward 
higher angabr speeds of the protieller without material loss of 
eflicienct’. 

Let us now turn our attention to the ecunomic results of the steam 
turljiue. In the case of large engines and djmamos that are coming 
generally into use, for the generation of electricity in this an cl other 
rnimtriea. of a horsepower of 1,000 to 12,000 and upward, the steam 
tiirhiue wjtli its aoconiiMinying dynamo is found to be cheaper in tirst 
cxjrit, runniug expenses, and fciel llinn the reciprocating engine and 
its slow-speed dynamo; and so much is this the case that it scjcms 
(lossilde to genenite eleciricity in eoiliery districts almost, if not quite, 
as cheaply for electro-riiemicMl pnrpoiies as it can be produced at 
Niagara and some other large centers of water power. 

Tlio chief items iit which saving has resulted ns compared with 
the reciprwuiting engine ure: The Ustal capital cest of the station is 
reahiced by fmm 25 per cent to 10 per cent; tli« reduction iu the 
cost of fuel and hiilh'i's is Ijctween 10 jwr cent and 30 per rent, and 
the (Xitisu nipt ion of oil is reduced to oue-sixth, vrhile the engine-room 
stair is reduced by 2,5 jjcr cent to .50 |)cr cent. 

As to the economic results of turbine vesaris comvaircd with veascLs 
proiwlled with piston engines, reliable stutistira are available. 

In 189T tho Tiirlfiiiia was foiitid to have an economy in steam i»r 
horscimwer developed equal to. if not siuperior to, that of similar 
vessels propel In] hy reciprocating engines; and later, in li>03, she was 
aguiti tried wilU modified propellers as now gcnernlly used which 
gave a further iucrease of efiicicficy of about 10 per cent over the 
1BP7 trials. 

In 11(02 the tirst turbine passenger Imat, A'iUj? KrlwanLon the Clyde, 
was found to consume about 15 per cent leas coal than a aitnilar vessel 
propelled by triple expansion engines and twin screws. 

Ill the diftgram (pi. vt) (s shown the princi|ml running expenses 
of the turbine steamer plying lietwecn Dover and C-olub, 

coinpnml with thitR’ other vessels on the .same fsen-ice. Tlie cost of 
cmal, engine-room stall, and oil arc shown in terms of the niindwr of 
passengera each vcsaiel L capublc of currying. 


SfiiiOufliriHin Riipori. —P.kniOJii. PLATE V,. 
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TU« iitutisticii of tlio turbinu vesseb* Oii watd and on I he 

BouJogne and Foikcstone route, Lave conJirmod tlu-ise rciitiifcs. 

The trials of the third-class cruiser Aaietkynt^ in 1004, and of her 
sister vessel the Titpta, proiwllcd by triple Bspanaiou engines and 
screvrs, showed that, at a spe^ of 11 knots, the consumption of steaiu 
was the same in both vessels, but, as the speeds were mcreosctl, the 
turbine vessel gained relatively in economy, and at 18 knots was 15 
per cent more econoniicul, and at 204 knots Si per cent, and at full 
sjjeed SO per cent. Her superior economy in coal enabled her to reach 
a speed of 23.63 knots, or 1J knots more than the Topas^ on the same 
coal allowance. The results of the trials also showed that, at a 
s[wed of 20 knots, the Am^sihytl cotild steam alwut 50 per cent more 
miles than the Topas on tlie same quantity of coal. 

'I'hc experience as regards Atlantic liners is ns yet lumted to three 
vessels, the the Victarinii^ and the Varmaniat The fii'st 

two me of the Allan line. 520 feet in length, 15.000 tons displacenieuL, 
and 12,000 horsepower, with a sea speed of from 16 to 17 knots. 

These vefi.sels have been running since the spring of 1U05. and 
the conaiimption of cool has Iwen estimated to be no more, and prob- 
aidy leas, than would have iwen the easse had they been fitted with 
the moat ecouomicul engines of ordinary typo. 

The Cunard liner Cartiwnia, of 673 feet in length, 30,000 tons difl- 
placement, and 21,000 horsepower, is u aister vessel to the Ctitaitiu^ 
projwlled by quadruple expansion engines of the moat ectmoniical 
tyj)e, and during the last four months the consumption of coal in the 
two vessels has been carefully niea.sured; hnt it is to<j «>im as yet to 
give the results. However, on the official trials, the turbine vessel 
exceeded the sijoed of her sister ship hy 1 knot. 

Some of the advantages found to exist with turbine propuLsIou 
are. that the propellers never mce in the heaviest seas, and ihut, as a 
consecpieiire, the s[)eed is better muintuinrd under all weather eoiidi- 
lions; and the cause of this is to be traced to the anvallcr dinnietcr of 
the propellers, wider blades, and deeper Immeiaion. There is abto 
much less vibration. 

The tendency of late has been to increase the reversing, or astern, 
power of turbine vessela to such an extent that, in many case.?, the 
stopping and maneuvering powers have been equal to Lhoso of twin 
screw vessels with reciprocating engines. Ttie storting of turbine 
vessels is relntively quick, for the torsional force of n turbine, when 
starting from rest with full stteum on, is at lea.st 50 jnt rent gi^>ater 
than the torque at the usual running speed, liecause the blades, wdien 
rimriilig slowly, meet the full blast of the steam instead of moving 
with it as tliey do nt their iisitiil IVitii oiilinarj' engines the 

starting tort)UC does not exceed the torque at full speed, VMien 
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fiittUCTiTerinff, turhines twn not fiiil to when steam ia turne;i 

Dll, for they have .no dead centers U|Jon wUith to stick, as in the 
reciprocating engine. 

IVom tlte f«ct that the faster and larger the ve^ the letter lias 
La'en the [wfoninince, it seems safe to infer that the two very large 
and fast Cnnarders now building will give satisfacteny results, nml 
ilia aatiie may l*e expected as regards new' turbine construction ic 
yhipsi Ilf wat^ 

The diagram (pi vti) shows tlie various steps in the development 
of the steam turbine os applied to marine propulsion. 

Tile total liorsepnwer in steaiiudiips sailing under all Hups w at 
present almiit 8,000,000. Of this total, alwiit one quarter, or 2.(XK),000, 
is in the faster class of ships to which tuiliines are suUalde. 

Of the reniaiiiing 8.000.(100 horsepower, about three to four art' 
in the larger class of ocean iraiii])s, and the remainder in coasting 
steamers ami small river boats, etc. 

By a conibination of the turbine wilh Ihe reciprocating engine 
there seems to be no doubt tbat tiie three or four liiillions liorsepower 
of large ocean trumps may l>e snecessfully propelled with a saving 
of from 15 to *20 per cent in cost of fuel. 

This conibination h»i-s not yet been iipplied to any vessel. In it 
the reciprocating engine first expands the steam from the boiler down 
lo about atmospheric pressure, and then passt^ on to the turbines, 
whicli complete the exjiansiori down to the condenser preasurc, 'Ihe 
turbine thus utilized the lower part of the csimnsion. which the rt'- 
ciprocating en^nc can not do, and the combination is therefore a 
good one. Tor maneuvering or stopping the vessel, either the engine 
or the turbineas. or both, may be used, and there seems to be no doubt 
tiiat this arrangement wiU come into vogtic for the slower class of 
vessels of larger siste. 

Turbines have been applied to other uses within the last ten years. 
The most im(>ortanl of these are for the working of rotary blowers. 
iiif nnd pumps. 

The nlioUigraph (pi. viii) shows a cross section through a turlm- 
blowing engine, tapable of compressing 21,000 cubic feet of free »ir 
lajr minute to » pressure of 17 (mimds per «iuaro iiicii, which repre- 
seiit-s nboiit l.OOO horsepower ill the air, reckoned in adiabatic eoni* 
prcssioii. Tu general construriioii the turbine air-blower portion is 
filmihir to a steam turbine, 'l ln* lilides or vanes which propel the air 
are plano-roiivex in eedion. and set in rows at an angle similar to 
that of the blades of a ship^s proi»Uer, Betwi-en the rows of moving 
blades are rows of guide blades inwardly projecting from the case. 
Tlieso la tier urc uli>o of plauo-oouvcx section, und arc set vvith their 
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pldHi* surfjtccs piinillf!) to tin? iixis; nnd their purpos* is to assist the 
llt.w tuul to rttop iUd rotiitioii of the air nftrr l»ing acted on i*y 
tiiovinfr IdiKiea. Each ro’n* of moviiifjr and tixed blades adtla a liUle 
to the pn^tnire, ntid compresses tlie air ^diinlly along the annular 
“•paw lielween the drum nnd tlie case, Balnncc pistons or dinnmies 
are provided for hahincing the end thnisi of the air, ns in the steam 
turhiiie. The &peo<l of rolntion i,s ihUOO revolutions per minute and 
the tip velocity of tlie air blades nlnuit 400 feet per second. 

?fOTE,—Since this lectiin? was given, many of the prediction,-; cou- 
lidnwl therein Inive tmn rcaliswsl. The two new large express 
CiJiiarders. the Lu«itanh and the J/(iwrtt«»io, have given eminently 
-^aiisfactorv results. Tlie steam (?oiisumption of the mam tiit'binea 
has liecn ascertained to 1« 123 shiift horsepower at fiiU 

j)owcr. , 

Tn view of the satisfaetoiy results olttainftl in the earlier war ves* 

sels iiltctl with liirbine niachiEiery for the British Xaxy, the Ad- 
niii-aUv decided to adopt the FarsoiiB turbine escluftively for new 
ronstrmrtion, from the largeift Imltle slvip and cnilBer down to and 
including torptnlu boats. 

The progress «f the Pai-sona Uirliine in other countries has also 
iH-en verv nntvwortliV. In the United Stales the results attHin«l 
riH^nllv on the trials of (he sexmt Chest^:r, e(|iupi)ed with ParsoiH 
tnvInuMi. when cninpareii with n sisti-r vei^l, the Birmiiif/fiavK lilted 
with reciprocaling engines, have shown in fnvor of the turbines at 
at! srweds. At full speed, nn a six hours’ trial, the r/icefcr obtained 
a siieod of 2G.5 knots jair lioiir. ns against 24.3 in the Itit'mmfffnim. 

In addition to the nlmve, there are In the United States six niorcaii- 
lile vessels now on service {piissengi-r and freight>, ai«l live tor|XHlo- 
lH>at destroyers are also at pi-etient under constmcti-in, representing a 
total hm^power of t lO.OOO built ami under constnietioii. 

In Japan there nre two large liners now nearing completion, one 
of which hn-s iilrendv completed her □ilieia! trials, having exeeeded 
I lie contract speed of liU knots by t Imot. Two small passenger 
vessels are now on service in Japan. A ilispatdi l»out is also liemg 
fitted out for the Japaiiise (lovernment. nnd two flew passengi-r 
sels and one large liner are at presfent under constmclion.representing 

a totnl hnrsepower of ft0,000. . , , . 

In Kratice six large Ijaitle ships and three destroyers are under 
construction of iriO.OflO horsiipower: in Germany excellent rviniUs 
were obtained recently witJi torpedo-boat destroyer G. 1ST. and at the 
pre.scnt time a large and powerful cruiser, as well as a small miiser 
and several torpcKlo-hoat destroyers, an- iimlor coii^tinirliou, of almnt 
110,000 horsepower; iu Italy a cruiser: in Austria a cruiser; and in 
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thiis country two scouts arc under construction for BruisU. Xegotia- 
tions are pending for the ptadug of four large tttrbinc battle ships 
for Russia. 

All tJie^above are fitted with the Parsons typo of turbines, 
either countridt are also at the present time considering projects 
for various classes of vessels to be fitted with tlie Parsons turbine. 

The total L H. P. built and at present under construction of mariue 
turbines is over one and threenqnatter millions nf horsepower. 

On land, in almost every country^ the new construction of Ijuge 
generating units arc nearly uU turbine-driven. 

Ai'BlL 0, iPOfi. 


THK DEVELOPMENT OF MKCHANICAI. COMPOSITION 

IN PRINTING.- 
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Since tlie year 1770 GiTorL^i liar® Itcen mails to mcreojie thfl cfficioncy 
of the cotiipaiilur by adding to tlie ortlinnry types in Lh® enw: certain 
combinations of letters which ffciinetitly repeated. The use of 
ihesc logotypits makes the type case iiuich more compHcdited, and i li¬ 
st end of incrensing the rapid it)' of isjiiijioHition, diitiiiiisLes it by 
causing more errors mid (*oiisiiming more time in finding the tyjjc. 

It tvas then sought to uccoinjiUsh medmiiicully the several Htejis in 
Composition Let us twiall tJiese steps: When a line of tyiie is once 
ussumliled in the stick, the cotiipoKitor justifies it iiy so distritinting 
la'lweeu the words the free space at tJie end as to give to the line Its 
proper Jeti^lu After tile tj’po has been use<], the workman must ru- 
tiim it again to the cast'. 

The fii-st idea of a eomposing madiine seems to have Ijeen mode 
[111 hi in by an English man. Church, in 18d'3. The first practical uppli- 
catioii of thbidea, in accordance with h luethml devised by BallundiP 
in isaa, consisted in supplying the case witlia Ueylmard, tlie tnanipnla- 
tion of which frewid the cltunicters or type, and these asHernbled them¬ 
selves in the eon t {losing stick. It was onlj’ I lie nitijration of picking 
out the letters tJiiit was rendered mechanical; tljc jiLstification and the 
(listrihiition r\')iiaitie<! maiiual. 

Hy aiiudier process, invented a little later, the compositor was en¬ 
abled to use iKuth hands In picking out tJie type. The type were thus 
moil' rapidly selected and weiv thrown into u funnel wlience they 
were directed and Humbled atitoinalicalJy in the coni|Kising stick. 

These two processeis saved time in the selecting and aHsenitiling of 
the ty]ie in the composing stick, hut there was no economy of timu 
in the manual processes of jiuslification and dLstrjbntion. 

The keyltoui'd apparatus was imitated and jierfecteil siicccsjively by 
(loliert (183P), fpy Dp Klieger (IftW), by Ymig and Delcambre, who 

^ Trqiuitan>i| nuil nttrjuai'il. i>y itcmilnaton. fiviiii tin* AiMtid mirt of “ Pe la 
I’n'SM- a Imirt il l« Linotype et A r^cetrulviHamtibe" In tbe Hei ne {ieigeniTe dt-s 
Seleneea imrwi ct uppUijuc-as, fafia, Xwciiibcr IDi 1W7, 
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5ft 16^4 fixhjbttiHl a madimi! -which, thoii|^i immcfiiutd^v ndopted in 
the Paruiiflti workshops, was diiKsrdod an soon ns ita clisiidvnntaji^K 
Iwcuino apparent, 

Sinw then many composing maeUinos Imve been invented. Each 
of these showed aoTiie impnirotiieut over its predecessor. In this way. 
by sticoeisire ini]>rioveinent, the coot posing niachine has becotno aiinost 
perfect, so that hardjy any criticism can Inf made of the iatjest model 
presentetl, the eJeetrotypopraph, which was intnxiuced in H}02, ujk] 
which was still fiirtlier improved in 1007 and combi nod witJi tJie tele- 
tyjKjpruph. Its introduction onts more greatly advances wimomy in 
typogrepby, and it ia likely to increase typograpUical cflicieucy uhn«>st 
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infinitely. With its aid the printer nwd not fear to underlufcfl orders 
retiHiring imheurd-of speed and numbers of iinpressions. 

Before dCHcribing the eleetrntypograpb. we will review tha earlier 
forms of composing machines in order to understand it more clesirlv. 
Only the most characteristic of these will be described. 

MACtllNtlH WITH MOVAlir.n CIIASACTKBS. 

Tlw composing machines first to be considered, the Kastenbebn, 
Thome, Sunph-x, Lugerman (iSBo), Paige, Desjardins (1811S), Cal- 
endoli fliMKI), etc., form a classs uccomplishing composition by uiov- 













ALECHANFCAL COSLl^SlTIOy IN f^lNTIKG — TXTBl^AllS. 115 

nble type wliick they afterwurfls diftlribute, often liy meclianbin^ 
indep^nileiit of thos^s of composition* Most of tlie±iO machines eoiu- 
pnse by the of a keylM»iril, freeing tKe type from the chan¬ 

nels of a magnsiinc* but only a few of them justify Uio line* 
LiJ.germmi mficfmtr. —'I'lie Lagermuii luacluiiie (fig- 1) is very' siniple 
111 its ammgument and n.ses fiugt^r-stalls instead of ji kaylx>ai‘<J l>oth in 
composing and dj-stribnting. The j fleation of the line Is imtianatk. 
Tilt!' niiichine M-pnrnteiS^ ilie words e<|iittl1y by two spaces, makinj? 
die line cithci- the proper Jength or tmj long. If tno haig, the justify¬ 
ing tiitMdianlsiij theji docs its work by iNsplueing n 3-e.ni space by a 4-cm 
space, thiL-i M-diiciiig tlie line Vy one-lwclflh of a t^iiad lh>twi?cii each 
wt^rJ* 'rius proces-^ is rcjM^aled dll ji 1 st ification is cuinpletcd. 



V'liU 2.—IVTiJiimitiii JeitifylBj? luafhlap. 


iJcsjnrdiHB machine (fig- is a justify¬ 
ing motrhjinif-im insert] in Ainerini in cnjiueclion with composing ma- 
4-lmieii. ITie liii(?s of the gidlcy successively raLseil by the machine, 
which comit-s the niimlH*r of si>ucc^ by means of little cijppcr strips 
projecting aliove the type wliich havi^ iHsai insi^rled for dial pur[Hise, 
Another part of the maciiinc hjo to s]>eiik, tlic space reuiaitiing 

at die end of the line, adds it to tJie total of the counted spaces, a in I 
divide the wdiolc by this number of spaces. Hy the combination of 
tliree sues of si>aces (17, and .^1 thousnndThii of an inch), which it 
keeps ill rcsen^c^ the mo chine forms and in^^erts ^Jctwerii the words the 
space wdiich it has tlilis aiitomaticnlly measured. If there he a re¬ 
mainder after the division, an ingenious arrangement of the maehine 
reserves ih nnd udds it to the last space of the Hne* The working of 
the culculatbig mechaniszu takes than a $ccoudi 
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CalentloU machine, —VTo will not complete this brief exoTninetion 
of the first type of ('omposinf^ macbincs without li word cuncemiii^ 
the Cnlendoli machitie (fig:. 3), which t& solely a composing mitchine. 
It composes with the spw?d of a tyijewriter^ that is to sav 15.000 ettis 
or chftTOcteni per hour. TJie typc» east iti a special shape', issues from 
5)0 type-bar magazines consisting of mushroom raiLs on which the 
Ij^pe is threadcil. A workman behind the rnachiite recharges (he 
magazines as they arc emptied. An inclined cylinder provided with- 
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rails along its long dimension receives eadi ty’pc ns the operator 
frees it by the manipulation of a keylx>nrd. The type is thus ar¬ 
ranged in tl»c galley by its own weight. Tlie machine neither justi¬ 
fies nor distnhut^ Jt is therefore necessary to combine it with a 
justifying and distributing apparatus, or with a casting machine. 
Composition is effected .so rapidly ok to allow comparatively more 
time to tie given to Uic jUKtific.ntioii and clistrihution. One could, 
mo^ver, combine a I>e.sjjirilins niachine of die type already de¬ 
scribed with the CalendoH machine. 
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A srcond of compc^ng tnai'liitiiiS iiinrk^ uti intc;r«stirjg iiii- 
pmvintieiii over the fir^i in thiil t\w. <l3??trjliution of iyp^ i)bviiit^>d. 
These ure r£f/r/iVi£^ 

^Fi acA in The}" 
t hii-^ iitib'wer theerh- 
icisiii made against 
ilioir piTile^ftriSoi's, 
the neceissit}" of spe- 
(iiil type with par¬ 
ticular notches iibc 
Ijflgerintin notcliAho 
fSiltmdoli giT>i.>vc, 
example), per¬ 
mitting the seiKiire 
of the tyjw by the 
parts of the ma¬ 
chine* The ensLing 
imichiiies i^imuld 
!f*panited into two 

dlstilLCt ctllK!A5a, 


^A) !^rAc:if[At:a rnw 
Ck€Tim THIS niafi.. 


^'^rT -L — m 4 t||nici Plinfrlflj; op«ffltlaa of 1 ^ IIdoF^iw uui-hJ 


III the fii'st class 
we iiliiin^ the ma¬ 
chines that province soliil lines. The n|)er«tur jikys on the keylxiard 
aiul cojnjjoses the line in copper matrices. Ft b jiistificil by cdliper 
\vcilgi\s forced bctwwii the words. A jet of molten lead flows info a 

mold the bottof?! of which h 
formed by the matrices, and a 
solid line of type is thuH made. 
We find here the system of stereo¬ 
typing invented by Herban in 1801 
applied to a single line of chai-ac- 
lerw. In the find cliiss of casting 
muchines ia itieltided tlm typo- 
graph (pL r) of Hogor§^ thoy aion- 
oliim (pi, i) of Rcudder, and 
finally tJie linolype of ilergenthaler, whicli h the oldest and in Franecr 
one of the tM?Ht known machiues for forming a solid line (figs, 4-8). 

t do iiof mean lo say that no distributing fiiiictinn b einployefl 
in these citsliug uiimhiuos, for the niatrioes must be returned to tlieir 
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respective dmmbers after the line is In the linotj'pe mschine 

this effected by ti V-shaped distribution bar tlie sides of which have 
11 scries of grooves tliat engage teetli corresponding to them oh the 
sides of each matrix* The arrangeaicnt of the teeth varies on each 
matrix and the po^sitioh of the grooves likewise varies on the dis¬ 
tributing bar abijvc the compartinents of the magazine. Tho ap- 
parutiis is so dc^tignt'y:! tlml as tfio inatrix is pushed along tlie dktriliu- 
ting bar* when it reaches its proper channel* nothing prevents it 

from dropping 
into its wmpiirt- 
ment in Llie thagn- 
Stine, Weherefiiul 
something an a lo¬ 
go us to the 
-fWler^^ which, 
in Itaiidot's tele¬ 
graph in tiiacliiiu?t 
by means of a 
combi n El t ion of 
five levers, prints 
* each letter at tlie 
moment when the 
type wheel car- 
lying the letter 
brings it into n vertical 
posit ion. This is not the 
only nicchanical similar¬ 
ity hetwetm composing 
miichinos and multiple 
leiegrapliSj for few ma¬ 
chines are more invoived 
one with the other tlinn 
those used m rjipid telega 
rapliy and tyj>ogrQphy. 

ITie motive force noees- 
sury to work a Ikiotype 
machine is le^ than half 
a homi)i>vver. The H{iwd 
of cjomposition is norninlly BfiOO ems or characters per hour, and 
may attain* witli sjciikd operators, G,000 to 7,000 eiii« per hour. 

A single oiierator tnampulatiis the macliiiie* Oiie caretaker can 
clean and keep in order five or sis machines. On the ath^r hand, cor¬ 
rections necessitate tlie complete making over of the line^ and, as in 
*rttnilar machines, the mental strain on the operator is incomparably 
greater than that felt by the hand compo^jitem Xot only must he read 
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tlie mnnuscript five or sis times more qukklj' than the hand composi¬ 
tor, but he muEit also watch both the keyboard and the melting 
furnace. 

Besides the inconveniences of this first dass of casting machine, 
such as the making over of tho whole line for the least cornietion, 
tlierc is another objection. Printers complain that in casting die 
monoUncs, the typographs, and die linotypi^ the metal docs not flow 
into the shallow matrices at a tcmpcmtiire low enough to give a good 
face and to print a very clear impresaion, Fiirthemorc, the metal 



Fbq. ^Ifflrrol If lew or Ibe llnotftki Epat&Kir. 


lin<?s ^^T& oft(>n liollui^^ uttd iniiy be emshed in putting them in the form 
for presswork- 

The rototypo {ph n)^ invented vpry recently by an Austrianj M, 
SchimmeU ILkewisp produces a line cast its a single block. A large 
wheel carries four collectors plneed at Hght nngl^. The collector! L 
at the extremity of tin* horizontal diameter of the wheel in tho posi- 
tiori of departure* reeeii^es the tow of matrices forming a line. It is 
raiTjed below the diameter of the wheel where the line is justified^ 
while the second collector, II, receives in its turn a row of matrices, 
4l7SO-^0S-15 
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Tlic justLficntion is no loss ingiMuoiiii, llip lines mv cnmjxuscd with 
ckstjc gpnws fljid nn* nlwitys n HuIb too long. In shoHening the lino 
to the rcqiiirctl lenglhveucb space is contrnetefl, which is made possibli) 
liy its compressibility. A i|iiflrter tiini of the wheel brines the justi¬ 
fied line to the casting pot. ,\t the same time collector I receives the 
cast line, the line in ct>ljcctor II is justified, and collector 111 receives 
the series of matrices forming a third line. Finally a lust quarter of 
a turn carries the matrices of the first composed line, prcTidoualy frre 
from the cast line, to llic hvigiit of thn vertical diameter, where tliev 
lire disirihiitcd in the magazine for further composition. Tlie same 
suooe^ive rotation by u quarter of n turn eontiniies, so that when the 
inachinc is in operation, while one line is btdng composed, the preced¬ 
ing one is jiistifiiH], the one before that is cast, and the mutriccsi of the 
previmi5 one distribnled. 

One of the udvantages of the rototype is tlmt the melting pot us 
placed as far ns possible from the iijjcnitor. 

The distribution of matrices is siiiiplilieil by tlie use of disks analo- 
pms to the die of the «let:trot3'jxtgraph, but with ten characlerH 
instead of three. Thus, on the eircumferen*'* of the .same disk are 
iisaociated the nmtrices of letters of the same thickness, capitals 
G, M. IV, . , . small straight letters, i, I, t, !, . . . and simdl letters 
of i'qna] thickness, il, c, e, , , , All disks of the same thickness and 
with the same letters have the same ccimijartinent in the mugaziiio. 
Tile niiidtinc in freeing them threads them iiroimd an aslc, to which 
they berome atludied only when the ilesired letter has reached tlio 
A^frticail position. 

The rototype ™n compose 6,000 clmractcrf: jier hour and requires 
onlj' onu-eiglith of u hc)rsc[>ower for its operation. * • * 

ITie ItlOf model of tlie rototj'pe has no wheel, properly sja-vihing, 
hut has three arms with only three matri.v carriers. Tliese arc 
hinged, and thus simplify oorrecllons. The keyboard of the latest 
inoflel has 100 keys, with 400 roiimn and 400 italic malrice.s. The 
face of the character is deeper than that of the linotype. Finally, 
the machine, which weighs about, 450 kilograms, occupies only a 
sinnll space, being 1.40 m. in length, 0.85 ni. in width, and 1.50 m. 
in height. 

SJiAOiiI?f p:;m Castixo Hixcii-f; Ttpr 

To avoid the di.<^itdvantages of sliig-casting machines, a second 
class lio.s Iwen devi.sed. These mncliines compose with movaldc char¬ 
acters cast to measure and assemblftl in justified lines by means of 
spaces cast to measure with dimensions calculated in advance. Tlila 
machine performs the same work as the compositor at the case, omit¬ 
ting none of the successive steps, but enorinoiislv increasing the 
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fipced of cofiipositifln, .Vs iisufll, thf^.se niaohifics. ccrtiun tvpes of 
^Thich lid^ie ntlninod llio liifrliest Je^rreo of iJorfL-ction, apply the jiriij- 
ciple of tho division of InUir. Two iilisolutoiy distinct tnacliiiies urti 
ufLvciciiited: First, a covipfminff mackiar Tvltlj u keyboard; that is, a 
writing miichine whit-b pcrfondes a ritibon to !ir transferred to the 
ciistifig iiiflebine; second, a cuntiwj tutirhisH', which receives the iwr- 
foraled rtlilx>ii fruei the comprising iiiHcliinc. ensts tiie Siuassisivt* let¬ 
ters jis well ms the spaces, nml lowt-inblt's them in justified lines. 

The priricipic of thea* muehines was conceivctl in 187',i tiv an 
Atiiericiin naiiicil Wft-tcott, One can not help comparing tlic jirin- 
ciple followetl in liotli of these innchiiies, njimeljf, the [xirforatiH] 
rililton, with Hint of the IVliciitstone automatic telegraph, iii^entcf] 
liy the physicist IMientstone in ]85l>, 

Ttie first two types in tins class urc llie (rtxHhuin grnpliotyjio and 
tile r,,iinstoti luunotypu (pi. ii), 

1 lie graj>li(jt_\'po. (o solve (he prohleni which we have Just men¬ 
tioned, employs more than Cod contacts of mercury nml liO cloctni- 
magnets. 1 hem are, themfore, nppoptnnilies for ioiiccuracies in its 
(jjxTntion. F'lirtiiermorc, the kcylioart! operator must, at the end of 
each liiie, read two mindx'rs on the tahios or nlials, and then choose in 
a (lignite order a certain tiuniljor of sja-cial keys whicii control the 
i list if leal ion ix-rforatioiis, liacli movemont of the idock wliidi car¬ 
ries the matrices k followed by a sudden stop, and as the l>!odi weighs 
S kilograms jind performs 20.000 movements per Iiniir, this is xi smirco 
of wear and tear on tlie mnchiiie. 

The monotyjM is Intsed on the aiiuc principle. The maiiipnlntioii 
of the ke^vlKianl of the iX'rfoniting miicliine [irodiices a rilihoii. fier- 
fomted with letters clear like those nf a typewriter, thus adotving an 
imspcctiou of (be composition, dnstification, iis in the graphotyjx'. 
Ii^ecessitates a i-cadiiig and the c hoice of a tover; the st>eed of coii'ipo- 
sitmn can not, therefore, attain that of the ordinary typewriter. 

The perforated ribbon is then transferred to ibc rastiiig nujchine, 
where it is drawn laitwcen a setrics of boles wiiicli follow tJie lino of 
iierforations and a groove tlirongh which comes a jet of cniiiprewed 
itir. This jia of air jiasses (:brough the jierforalions and actuates a 
meclianmm which frees the matrix f.■orresponding to the perforated 
eharucter and carries it tindiT the meUing fmt containing (ype metal 
kept in fusion by a gas jet. A drop of molten metal runs into tbo 
matri.x anti thus forms the type which, cooling idinost immediately, is 
deposited in a dmiiiiel where the entire line of tyjjo is assembler]. 
Corrections are easily made, as each ty|jc is a s?pnnile piece. Xever- 
thdess, the whole process in a delicate one on account of the appli- 
ention of ottrupn^^iiHed iiir* 




132 A3f:SUAl. IlEPOHT BMITHSOM'IAN IJtKTlTUTIOJT, 1007. 

THE ELEL’THfrrrrooHArH. 

Tilo ele(;t4Wly|}Ogniph, Jcsigncd by the Uungarmn inrentors, Jfe- 
fiiy luid Itu:(Ar^ Ls Incontestably KUpiTior to jts predccessorii, 
bcaiion is jiljsolutely automaiic. The keyboard opei^turf witlioiit 
making any reading, nianipnlntcs a single lever at the end of each 
line. One can lliercfore attain (he speed of a writer in comfio- 
aition^ or alxmt 15,000 characters per honr. 

i\) C(fm.posing 'ffiac^iTue.—The composing niadiine c^insists of a 
IVilHam-s tyiiewriter, n ])prfnrator, tiinl a calculator. The typewriter 
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^nishetl a copy of the compositiotij which can be corrected, ihus giv¬ 
ing a proof Imfore emtimj. The |wrforator makes a row of holes in 
jt paper ribbon or band. There nre eight series of these holes or* 
ranged in mwa across the hand (lig, 10); let ns ih^slgnate them by 
th& niimben 1, 2, 3, 4^ 5, 0, d, and 7. Thi; perforations by |.ho wrica 
0 are continnous and are for the purpose of advancing the hand. 
The combinations of perforatioiiR 1, 2. 3, 4, fi wrrespond to the ^!e^iL■s 
of stiiall or lower-case letters, just ais do the s'Cnibinations of (In' five 
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Ipv^'rs of tUt' iiiiiiiipukaor in tlie Biiiidot tekgrapiL If to those com¬ 
binations ilio perforation 7 Is added^ llie letter becomes a eui>itiil. If 
tJio perforsition (i is pjinrei to one of the combimitions Si, X I* and X 
a punctuation mark is otitaitied. Thus the jjorfonitionfl 3 and 4 enr- 
respond to Ihe small letter b: I he |KTforations X 4, mid 7 to tljo caipi- 
lal B, ami the same perforatioiLS 3 mid 4 Avilh 6 indicate tlie e^ick- 
inalion murk (!). 

As tJic hand is jM^rforatedj the calcuktin^ device registers tlic 
thickness of the dianiciers as they will Ije finally tlie tJiickiiess 
U4ng measured in tnitlis of a niilliineter. The spaces between the 
^'ords are e^tiinatcHl by the calculator at the normal %^alue of lo tenthsH 


of a miinrncter. These spaces are added up as the line is written. 
At the cnij Elf the line all the oj^emtor has to do k to prt'sa the justifi- 
taition key and tho apparatus (1) calculates the differenAii l*i*twceii 
tJie total of the space's and the desiixiil length iif the line^ iT\ divides 
thin difference by the nmutier of the spacer, and (3) liiftcriliies on tlie 
hand sis ei sj^ctrial twrforiitlou the reiililting correction for each space. 
These cor iiecI ions indi¬ 


cate either an addithiri 
to the ncsrmal spacing 
nf 111 lenth-s of i\ milii- 
meter or n seht ruction 
from that spacing. 
Three .successive fs'ir* 
fc^ratloris are ]>nfMhicetJ 
hy the .single iiiuuipii- 
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latiuii of ttio just i heat inn key; the hrst two relating to the Ei|)eration 
of juslificatinn Eint! die third indicmiiig tlie end of the line. 

The result of the ailculution for ju.stificalioiitijascrihett on the kmd^ 
iiiilicalits how many tenihs of a miHinieter more or less are nireileil for 


CEicli nornnil space^ Ifl tentlis of a millimeter, to obtain the justified 
line. 

When we pass from one font to anotlier. from the roman to the 
italic for example^ it is only neect^gaty' to substitute in the computing 
uppanitus a special cylinder which is easily removed^ Ko change k 
needed in the jlistificiition iippiiratusL 

Theory {}f —Tlie operator is warned by a IjelJ wlieti 

there remuins only 5 mUlinieters of the liiie to lie tilled; he can^ how¬ 
ever, go -1 njillinieterK IwyonJ JJie pn^serilx^d length of the llne+ He 
therefore has a latitude of 10 millimeters and cttn lemiinate at the 


end of u word or si syllabk. 

l^et 7 I«5 the lengtli of the [ircscribed line, K the length of tho line 
as made by the operator with the iiomiiil spaces of 15 tenths of a 
mill]meter eacKt and n thu number of spaces in the line 
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Th« dilfercnee between ihe len^li of the line an it nmat jn^tiHed 
mid Its lengtli nsi uL-tunlly iniide is the difference Ijetweeu I und A; I 
niay !>e either gnertter or le^ss thun A* 

Let us siiy (Jiut tlie diflerenee betTreen I mid A, divided by n, is 
iind £up[Xk3e fir^it thiit this dlvisiori gives u quoLieut q T.vithoiit re¬ 
mit inder. Each space in tlie line would l>c increased (-h) or diniiii- 
iahed (—) by the amoiiMt q iiccordiug to its sign* These calciiiations 
flre [lerfortued automatically b\" the nmchine, and it is the value of q 
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that is indicaretl l>y jM'rh>nUions cm ilie riblxin when tlie jitstiiication 
lever is oix?rflted. 

Lrfit us Slippage* however* that the differojicts lietiiVeen ? itnd A^ di¬ 
vided by ?i, gives the remainder tr, which h gi-nernlly the ciwe, ns the 
iiuichjjie emi not calculate ilie spacer closer tiniii a tenth uf a milli¬ 
meter. In thk case besides the CMirrc'ction q, wliicii affects each space 
in the line, the r fii^t sjiac^s reoeive a suppleuientnry cori'cction of 
cine^tenili of a mUHipcter* until the mnainder u h used up. 

t^forr The proof cxipy, fund shed by the writing 

machine working in the onhiimy' waj% may be ccwrected even before 
the tyfic is ca&t. Corrections which require Uie reciting of one or 
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.s^^%'enil IIdl^ u.tv tiiude by ill*? ilofwjtivu [ijirt out of Llio iTbliun 

isnd subiititilting a of jjni-rectTtl rlbl>oti. CorrectioiiiS of owo or 

two letters are tiutde in llii‘ line by the ortliimry nippers after it h? 


A"efy/>cwry/.— In the Inteiit model of the electrolypo^^ruph (11)07) the 
keyiwanl has in nil PT keys, IKJ of which* by n^eams of a shift key^ 
allow tJie writing of ISO characters. One key is reserved for justifica- 
Hon; its nnmipuhition is entirely inecihanicalt tbo o|x?rator hnwing 
only to press it at lljp end of each line withont any preliminary read¬ 
ing* One key is added for the feeding holci^* Oj in the ribbon; another 
large key for variable spaces a ad finally fotir keys for the fixed spaevsj 
1 em* 2 cm, etc. 

(2) marlihie- — The [>?rforated ribbati or hand, taken from 

the coin piling machine^ is transferred to the easting machine (fig, 
II). Tliesc two machines aiv cntUvly independent. The [K^rfiinited 
bands can lie composed jtt leisure and the ty{ie cast as needed. This 
]s not one of the least advajiLjigi''s of machines casting niuvable eliar^ 
ncters* and as the electn:dyix>grapli b a jicrfi^ct 
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example of this class of macliines, its superiority 
is partitmlaviy markeih It ptminits ihc printing 
€>f 11 limited niimln.-r of copies of a work., and .since 
the Iicrforated hnnds are jircHiervech a new edition 
imiy I tv- printed by again listing tlie type- Thus 
IIS many successive editions ns desir^ miiy ho 
prodnccfl without new com[>osition!, or the storage 
uf a considerable stock of type or stcreoty|>e idatrs. 

Tlimi* by a process mor^i ectmomica! limn si or co- 
typing* one of the desin=!s of the bookseller iw realised, One large 
printing offiin* in *Saxony Iscfone tlie ISevnlntioru and la*fore the inven¬ 
tion of Htereotyping, vens able U> fimiLsh laaiks at piitais much lower 
than ibs rivuLs by preserving lla? (!om[>osition in storage and printing 
in piTopoilioii to the dcinatid. But at the price of how much inactive 
cdpitaL! 

The i>erforated band of the elect rotypogruph of JIM. Her ay and 
llozar passes through the casting machine in an opposite direetion 
from its tiiEike-up. The lines are thus cast letter by letter in an oppo¬ 
site direction, from right to Icfti. In this way, the mucliiiie i!*notP#, 
fore ctrmmrm'in*/ a Wac, the cNact value of tlie spaces it must furnish. 
This is aimther nionifesL advantage of this machine. 

fhe mol ten metal is injected into a mold, one end of wdiich is 
chised hy an indented matrix, where the fjice of the clumicter is 
formed- A movable carriage holds 29 disks ou the facets of which 
lire cut the matrices, Eaeli disk has three fac-eU at angles of 45® 
(fig. 12). The middle facet bears a smal] or lowef-caHe letirr. the 
one to the left tliu capital or upper-case of the same letter^ ami the one 
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lo this r I gilt the? ccirre^spoiidiiig sigtL Tli^ ehoit<! of llie (Ihk is m^ide 
ooeortliiig Iw tln’ rombinutloji of iij<j |>erfc>niUonH on t\w ribbon^ in ii 
ijiiiniii'r aim logout to tliiit of the combiner itnd nf the BiiudoL 

iclegnipb- Tlic s^pnccs lire cm at iti the siinie wa r as the leltera^ the 
inoltl \mug closed by a diet witliout a nnitrix. TUn thickness of the 
space is determined by the slide viilvo of the moldj the heel of which 
Strikes againj?t the justification apparatus. Tliis mechanism con¬ 
sists of four disks aioimtcd on the same iisle^ fonning a cotrihination 
which e.^puTids or contracts accuixUng to the result of the enlculatioii 
of jiifitificatiou. When a line is finished^ it is pushed antoniatically 
into a galley. The inadune then * 5 to[>H casting for three turns, while 
the jiistifixation appanitus receivers the measurement corresijonding 
til the spacesa lo be furnished to the line wludi b to l;e composed^ a 
tliiiiiaision indicated l>y the perforations (fig* 10). These 

perfo ml lulls are reserved for j list ificat ion at the cud of each line, 
'rho first row. Da (figi 10)^ indicates by the position of iln perforation 

the niimlier of spaces at the liegin- 
iiing of the line which shtmld re¬ 
ceive the isuppiementary i;om!ctJt>n 
of one-tentli of a tniilimeter: the 
second row, D^, indicates, hy add¬ 
ing the vnlties determined by the 
poHition of its fierforat ions from 1 
to 5 (perforation 5 representing 
the Value of 10), the nlimber of 
tenths of a millimeter to be addeil 
or subtracted to all Lhe Mjuiccd of the 
line. 

lA^t us take for example Ihe band 
shown in fig, 10, The jicrforations of j^eries d rt^prcsiuit subtraction, 
those of 7 addition. 

In D. w'e find perforations ^ and 6 indicating that it is necessary 
tu siihtract (perfurat ion fi) one-tentb of a niiiliineter from each of 
Ujc first three ( jicrforMtion spaces of the line. 

In Ih ^ve find jaa-forutions 1, If, 5, and T, showing that it b ncoes- 
sary to add (iicrfuration T) to each normal space of 15 tenths of ii 
milliincten n nunibi-r of tenths of a millimeter 1+2+10 (perfora¬ 
tion 5 having the value of 10), tlmt is i:i tenths of a millimeter. 
Thtis in this line, the fii^t three spBfx*^t will be cast witfi u thictaiesa of 
15+13—1, or 1^1 tenths of a millimeter, and all otliers with a Ibick- 
ness of 15+13, or 28 lentils of u mUlitneler. 

The jK>rfoniled strip, A (fig, 13La cjirricd along by a cogwheel 
whose teelh engage the per fomt inns of ihe sedes 0. 

Hie machine makes IK) turns a inimite^ advancing the band one 
division and casting a character at each turn. The movement of 
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ijii^ ttheel iH very nipid, lasting scarcely ane-fiftceiith of u .second, 
tlic band then remnias stationitry for niin^nfLeeaULS of a second, tlic 
wholp turn tliuH taking tcn-Jift4.^iiiJi£:i^ iwo^liirds of a second, 
WHiilc the band b mnlionlesa, seven leUers, Z (fig. 13)+ press iiguin.!!tt 
the paper, and those that find perforations make contacts closing 
electric circuits* This is aceomplisbcd by tlie bcel of llic lever Zj 
which raiw?s the piston X* pressing the spring B against C and 
[linking the contact. 

The elcctrot 3 "pogiiiph is controlled by elcctrjcit3% hence its namct 
but its inventors used only very sltnpie electrical arningenieiits, with 
weak electro-magnets requiring u current nf low teiminn. In con- 
trsst. to the Goo^^on grapliotype^ tlie perforating machine of the 
electrotypt>gi’aph does not use tdectricity^ All its fuiiclions are 
purely mei^liariicaL without cornpressed atr or electric current p Aleeh- 
auism was sul>stituteil becanse of the biaccuracy of electric or other 
contacts established by the play of a keylK>ard^ which produces vari- 
able pn?»^ure in rapid work. In their cuHting Diachine+ on tlie coo- 
triiry+ the inventors of the cleeirotyjjogniph made a very indiciniis 
uac of eltjctrlc power; ibere tlic mt^elianical movement of the parl.H 
as$»nres [KTfec* contacts. Unlike the grapliotyjx% I he elreurotyiKJ- 
graph uses only (instead of 00) elect re-tiiaguct^p These tire nil 
of tlie .sariie Htrength mid have li resistance of lOO ohnis, using a cur¬ 
rent of only OA ampere under a i>otential of 10 volts. There is mvt^r 
but one elccLneiuiigiiet in action at a time in the tULichiiie, uiul the 
duration of its cxciteiiicnt is less than one-twentieth of a second. In 
the most rereiit mnehinest !t single electro-magnet automatically sto]ja 
tlie macliini* in case of damage or trouble in operation arising frnni 
tlie negligence of the opera tor. "I'hus, the maehine stoiis when the 
end of the perforated ribixm is readied. In this way the macliiue \h 
autorniitic such jin extent that one workman can easily watch two 
niadiines * * •* 

JAIPJlOVE>rfcNT8 AXO RESULTS Of' THK KI^KtrnKrTTl'OCRAPIl, 

Since the trials made by the journal Lo Temps with the ItHE motlel 
of ihe elcctrotypogniph—trials which were attendeil with TOmplete 
s^uccessi—important improvemeiiLs Iiave been made in the mechunism 
of the machine, and it Uaa now’^ advanced beyond the exi)erimental 
stage* 

Tlie new mcKiel has many luid very important improvements over 
the 1902 mockh oincmg wiiich are: A mechanism permitting the cast¬ 
ing at will of high or low spaces; the addition of letters with a pro¬ 
jecting face like V in italics; simplified construction in the justiQcu- 
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lion jnccbimisiii in thu ruHliiij^ niudiinc. aMowJng tin* tissc of ii single 
nlcTtro-magnct in plane of eighty jin innn'iisa in the widtli of tin* 
galley, iKmiiniiig the piutliicuon of lines 40 pica enis (ISO uini.) in 
leiiglli; un iirrangDinent for the jintoriuitic fmling of the melting 
jxtt; an itnpruvcd conipoauig machine in which all the parts are easily 
ai'cessihle, and Avhich furnishes a band on which each loiter is printeil 
Ijflow itsporreiipondingiierforalioii; and finally a change in the cast¬ 
ing machine pennittiiig the easting to commence with the fiml I filer 
written, thus iiiahlng the coniljinfllhin of the two nittchinea possible. 

The latest impmvement is valuable in the ctnn posit ion of news- 
pa [lers. A considerable 1 «sm of time is avoitled, as it is no longer 
necessary to have all the lines of an article cast In^fore putting it in 
jxige form. The casting maehine only has to wait for tlie jx^i'fora- 
tion of a single line birfore engaging tlie bund; then it deciphers the 
justification perfomtions to regulate the spaces, and casts the Hue 
following the iHtiid letter by leller as fust as it is produced. 

Plate III represents the 1907 model of tiie fleetrotypograjdu IVc 
spc in *'a’' n jioiiioii of the Inind corresponding to a line, attaelied 
in the casting machine so as to allow the cumbiimticm of the two 
nipcliines. The i:oiii|H)sition may thus comment! with tin- first jter- 
fonited letter. 

Tlie electrotypograph has the following Lidvantiiges over previous 
comtmsing machines: 

1. The inovalde clmracters facititale the corifetions iiidicated by 
the reading of the copy sdieet furnished by the composing machine 

2. The matrices have a deep face, and thus give a clcai'er imprcK- 
sion. They are fmv in number, making it possible to rciiliosj tbetii 
at small cost. Thorough teats have JeiiioriStruled that the fimdiine 
composes in .'i-potnt typo with the same clearness as with the hu-gcs1 
I'huraetcrs. 

3. The division of iho apparatus into two maehincH ninkes tlie 
learning of its operation easier, and pertnits ii mure gt'JU'ml use of 
it, since even small printing oliinrca can piirthiise the composing ma¬ 
chine at a alight rust and send tlm perforated bands l<i sliops possess¬ 
ing easting machines. The ja?rfomtei:l band thus takes tlie place 
of tlie sterwitjfie plate, but is less ciiniheraome, entails iu> idle capital, 
and can Iw passe<l about one hundred times tiirough tlie rasthig nui- 
chiiie. During the slack season and at other times wheji not in use, 
the casting mnehine may la> employed to manufacture type. 

Hut then? is slill more to bo said. An appamtiis analogons to the 
Baudot telegraph callttl the telctyja>gmph has been designed which 
maki's possible the telegraphic transmis-sion of the band perforated 
by the dt?ctrotyiH>graith. A aiiigle bund piwlueed by the wriiing 
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niachine citn be re[iroJiiged iit a di^itance by telegriipliy, givEiig on 
exact rcprodtietiotL whieti cou be pJnecd on the easting machine and 
will furniah immediately the composed anti justified text ready to be 
put on the press. In this way a newi^paper article sent frtnn Paris 
in this form can be rcproducotl ready to lie printed in various dis¬ 
tant citieSf and it is jjossible for large ncwsijopers to bare country 
cnlitions without increase in expense end without delay, a great ^cp 
forward in journalism. 

Finally^ on account of its mathematically jiorfcct justification and 
its case of correction, ihe elecirotyjMigruph stiinds forth as iin 
apparatus suitable fi:»r vvery sort of delicate work. 



1 



SOME FACTS ANT) PROBLEMS BEARING ON ELECTRIC 
TKITKK-LINE OPERATION.* 


l^y Foank J. SraAQOz. 


One of tlie foremost railronil men of this country, in the 

needs of tlie present railway system a few months a^o, said: 

THf- only reUef ivliCcU ean lie Lbn>ii);!i eeanonileit of ptyBlenl epem- 

tloD iuy«l CDOJe tlircoirli the mittiiy of ouormouB iiiuouDtii of luoaey sunh Di? 
woukl ha InvohiMl In a olectrlflnitloa or a eLjiuge in gauge. 

At the April meeting of the RnfTiilo Chamber of Commerce uriotlier 

eminent railroad olGeial fiifiid* 

If file OeTelopment iruil expanaEon of Ihc nation ts to go aii« If tJ^e progreM! 
miuto Uiirlna tbe kifit ton yours imiy Im> tic.¥t>atod as In aiij respect a meusiire 
of to \w‘ iiiaar cliiring the romlng decade, almost as nmah uiaiioy vrlU 

luiTe to he eK|>t^nc]efl In Incrcnalna tlie nicllltfea of existing rallroaih^i and In 
tpiiUdEna niliUtloniil mllmitdss ua ban he^^n exiieniled dnrliig the eighty years 
since llie t>eghiiihiia of the construction of nLUrouds in the Ignited fttates. 

Tlie.se opiiuons lire confirmed hy still iinotlicr prouiitieuf rapitnlist^ 
who some time agit stiirtleil the investing wt>rld by hh estimate of 
n billion dollar iiimiial e^^i^etiditnre for American railroutR now 
actually shown by detailed estimates. 

But it is especially to lx> iiotcd tliat the keynote of the prophecies 
of the flit 111*0 is more fi]>eeificttlly sounded in the word not 

only such as is possible and individual to electric npplkutiont bnl 
also such as is common to the larger developments of railroads^ how¬ 
ever operated. 

How much has been actually spent in steam milroad development 
it h imposfiible to say\ but that it is a stupendous! amount, giving 
some Huggestioii of future capital demands, is evidenced by the 
fact that the total of the outstanding stock, bonds^ and other obliga¬ 
tions of the steam railroads in die I'nited States now uggregate 
almut while similar oliligations of the elcrtric niil- 

* Abridgment of n fMiper presented at t|ie SJOth tiiePllnK of tlie Aioerlran loeth 
tutD of Elcclrlcnl Euglii^ro, Now York. y\^y tO^W. Hoprtnled, by pcrmlEt- 
flUm of author niifl pobUBber, frotn the PrOcoodlogH of tbo .iimarlcaci Inatltuto 
of EOoctrlcfll Englneera, July, IWT. 
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r 4 >Eir 1 Sp whicli Iwgim their tuimmert-inl expiiiLsioa ’with the 

of the Rklmiond contract wlnKJst twenty yenrs ago to-davn, exceeci 

$3,rj0(),000,000* 

My attitude on the bmad question of trunk-line operation may be 
brieflj suninti^ri^d in the simple statement thtit^ taken a whole, 
the electricol equipment and ojwration of trunk lines is es^sentudly 
nioro of u Qtianoial tliun u teohincal j>rohleni. It is certainly not 
solvablu by ingetiiona methods of l^isjokkeepings or tmnsniisaioii of 
burdens to posterity* 

Fifteen years »go^ m my Iniiuguriil address as president of this 
Institute, oui the subject of “ Coming l>evelopnients of Electric Rail- 
■wayij,^ I said: 

Aay |jr«llctlaiiB wliLch arc luade concerning the fntiire of electric projinlalmi^ 
enlier la tgikuniaee or dlaroaard of tbe iJ(?ii!dl>UIUts of ilaty* and Xhiy 

UDiltatloiLH aoui'Hyirny 4>xlsrLnK la all flyerteiaft of tninartorlatlDii, deserve and 
wiill rfH'elvc ditle ctMLttEilt'ri!tlo4L frem L’burgvil wltU ibe ri^lNaisllilUtlea 

of corulacllnf; oiif railway fop unle^ jiatiak'merp and f?r>m|H can 

bo naoved over n ijy^tciu witU lacreiii^ed tayicttt to fi conunnulljp or at a reduced 
eostp or wltli ii coiauiea^urate return on catiUal iavenKd. iin electric will aiot 
replace ii steam system. 

In discii.ssing the subject nf electrification of tmnk lines, there k 
LI tendency sometimes to ignore tlic votying contUttotis on the roads^ 
and ako Ihe chaiigch iii nicthoth of o|jerntion whidi the introduction 
of electricity may nmke pussible. The rLiilix>tids seem to be often 
regarded as systems which must be fn>ndui-ted very nuicb on i^txisent 
lines; that is* operated with locomotive-drawn trains. In order to 
coma to any clear de^usicm, on iiiaiiy roads ut laa-'rt, this coiiceptioii 
must be cliangud. There is iio hard and fast rule of elassilication. 
A trunk line may generall_v iie wii-^idared as a system joining impor¬ 
tant trnninal cititw, over whicli is eundncled all kinds of traffic^ 
through and local, pas^nger. express and freight, and in the larger 
systeiikS a 1ieav3' suburban passenger service. The c{ivisions and 
character of service of courHO vary widely^ hut the constant tendency 
'm toward an increasing density of traffic^ multiplication of truck-^, 
and a-vtension of tlie iirnita of loc^d and sid>urbuii services, 

A change of motive power m\olving vast ex[«?nditLUTs of money 
and radical changes in tnelhods of openition can not nafely he deter¬ 
mined upon except after presentation of a complflienjsive report, and 
a general plan of equipment itinl o]ieratinn based upon an investiga¬ 
tion of previous pniclice* present or pending developments* and an 
analysis of important ft^^tuiTS and details. And this seems all the 
more esaenilah for at the present time the technical press b filled with 
tljc rival claims of the advocates of direct and altermitiilg curreint 
sjT^tenii, the merits and defects nf single-phase, [xdyphase, and direct- 
current motors, and the i>eauties tiiid uglinci^, the daiigi?r aud safety 
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of Turioiis of oiri?rlimui und tliird-niil c-iotLslrtietion.'L High msd 
loTV potentiftls, 15 and 25 cycle frequencies^ geiirless and geared tno- 
tors^ anti air and electric controls—all are actively discussed. 

Bui filiove the di^rtlant notes there arises now and then the cry 
of fitiiiidardt^i^atiofi. For exjrmple, in o recent paper the view was 
expressed that but a single plan—the high-tension overhead trolley^ 
with 15-eycle single-phase ulternatiiig-curretit motors—was possible 
Ilf serioiifi coriHideraticuj on tnmkdine service, mid that this svHteni 
should now Ik* adopted and staudardiss^rl. despite the fact that there 
was not in existence: a single equipuieiit of thk character in practical 
railway fq>£*ratioii! 

i do not intend to burden this paper with statistics — one can prove 
alnsost nnylliiug by them—but I will ejvitoniize ceiiaiu conelusions 
which I think w ill l>car the test of lime. 

1 . Of tlie two bi’oad lilies on wlilch eh^ctrificntioii con lie considered^ 

if increased economy, I ha I is, ix*diictiun of ojienitive exjjensi^ by 
placing the steam lotxai^oiive with an deetric one, with co!n,T;nlratioii 
of prime power and jR'rhups tlie use of w^ater power, be diNfiiiod the 
Llondrisiut reason for cliange uf motive [K>vver, then every wheel in an 
elecltilieil division slioiild lie turne<l electrically; and the savings 
efFpctetl should pay not oidy a fair rate of depreciation of the total 
equipincJit, biit a satisfactory rate of inteixrsf on the new ciipital ex^ 
ptmded. in fact a lie tier iiitc tlmn if spent in sfime other way. 

2h Increase of capacity, both in locf^moiivc haulage, schetiulesfwedsT 
motcu'-air trains imd terminal facilities, of a character impossible 
to stcJim sendee—all resulting in augtnented trafSc, and increased 
uiro and capacity of tlie dead part of the systemss ihe tracks and 
roadlTcd—w ill ordinarily Ijo the more jioteiit inlhience in leading to 
the adnpUon of electric o[>eration, ami wLLl often warrant heavy 
capital ex|>enditui'es. 

3. Every large road is a problem which must Ive considered finan¬ 
cially and tei.dinically on its own mental and in most features other 
than those which without etfoit can be hamiont^ed its decision will 
l>e of little practical concern to other roads, 

4* The udo[)tJ<jn of electricitj' will ordinarily begin with those 
divisions when* Irunie is comparatively den.se, and once adopted the 
territory over whicli it con be extended will nattirally increiise. 

5, Terminal prujierties in great cities, underground and tunnel isec- 
tions, and hwivy ninimtain sections where dnpijcation of tracks 
liecaij;^ of extra liravy construct ion cost is prohibitive offer an iumie- 
diate field for the ficrioiis considenitioii of electriiieatlom 

Gi There can not now be safely establislied anv final standanL or 
any single syrfem selected as the best for all ronilL Wliat is tlie best 
for one might easily Im; less sidvantagenuK for another, and there is no 
valid rea^n why any road should adopt sonielliing fitting to a less 
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degrw its pariidiltir rtKjtiimu&nts because of tlie action of 
foreign roaci. 

7- Extra ordinal^ advances lia%’e Wn and ore being made, and nciv 
discoveries are always possiblop Tlie limits of none of the sj'stema 
now in use are dcnr]y deKned, and it would seem both natural and 
wise that the various nuinufacturJn^, technical, and inventive nctivi- 
ties should pursue every Ivad to its logical conclusion, for the best wiU 
be none too good. 

It is not my present intention to investiguto railrojid economics, nor 
to formulate nny final coticlusiotus in the matter of steam railway elec- 
trifiraition. but rattier briefly to analy^ze and make running conunetit 
upon mriotis phases of the problem often dlBCUSsetl by engineci^: to 
give some cornpEirati^'e facts as they have thus far developed i to 
describe -stindry developments in electric locomotive construction; and 
to illustrate in some detail features specifically charaetcrislic of the 
lliree tyjjical initial ecjuipiuents now coninmnding attention. 

Afotcr e^UipmufiU. — In di^ussing the Kelection of any the 

first thing to inveatigate is the motor. Tn railway operation that 
whidi is to be replaced is a locomotive, in other wordi^, a motor 

supplied by a lociil boiler, furnace, and coal bin; that which U pro¬ 
posed in its place is Jiiiotlier motor, or groiip of moU>rs supplied 
ihrough a wire hy bigger boilers, fiimflcea, and coal hin^, or by 
energy from a water power. The wwkiiig conductor, with every¬ 
thing connected to it hi transmission or genenition, although essen¬ 
tial. is tribiitoiry to the motor and its rer|uircments. 

It is not sufficient that the jvourcc of power can be made of any 
desired sizej although it is an essential feature; in any ca^ fucIi con¬ 
cent rated generating ecjnipnit^nt must supply a ntindHT of niotorn. 
VTiiiit i» essenthib and in tin" last atmlyak vital, jh that tlio new motor 
shall have not only certain mechaideal ndvantagesi, to the extent of 
eliminating the evils of reciprocating parts, and reducing the cO-st of 
iip-keep, but above all it nuist have capneity, jticaFured not alone by 
drawbar pull or speedy but by l>Qth, and it must Ihj of sustained char¬ 
acter; and to accomplisih more tlian the steam locomotive, it must be 
greater than that of tlie hitter. Such capacity should naturally be 
attalfied, first, by Ix^ttemient of the Individunl motor or locomotive, 
and then, when this increase has reached its limit, by combining 
mot ora or locomotives under a comiuon control by the multiple-unit 
system, * * * 

Capacttff being, therefoiw die ke;tTiof 0 of the equipment, I slinll 
di.^it^ at some length the characteristics of conductors and motors 
used with direct current and with aheruating current. In so far as 
these comment-^ relate to single-phase alternatiiig-curront operation, 
they w'ill in some measun? lie liased upon the only existing commer¬ 
cial development of this character now in the United States, tliat is^ 
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upon the series^ wound, commiitatin^f, -tingle-phase motor with com¬ 
pensated Gelds, -ope r El ted at ^5 cycles^ 

Lowering the number of cycles to increase the capacity qf tlid 
single-phase motor, as tms been sjuggested^ although not yet devel¬ 
oped in commercial piaetice^ of coui^ nierits i^rious eonsideration, 
and I shall add some comments upon tliLs jiropn^d change, + • * 
of mofor ,—Among the many lyiK'i^ of inotors proposed for 
railway service^ four iii^ now being exploited- Polyphase alternate 
ing-curreni motor r.single-phase ahemating-current motor, repulsion 
type; single-phase alternating-current motor, series type; dirc?ct-cur^ 
rent motor. 

Of thesO;, two, the direct-current and the three-phase motora, eacli 
have a eontinuous rate of energy'-injntl, while the single-phase niotor 
has an intermittent and variable rate. Moreover, there is combined in 
the sAiigle-phase motor tw() distinct functions, those of n motor and a 
traiisforuicrj and the latter can not be entirely eliminated^ The result 
is a reduet ton in both continuous and overload capaciticH. * * » 

^Vheii considering locomotives, the net result is llial the total 
weight of a single-phase allernating-eurrtuu hH-oniolive, with a serv¬ 
ice capacity etjUal to that of a direcl'-currcni locomotive of like arma¬ 
ture speeds iiiid peruii-S-siblc teniprrature-rh^.‘ (tliL^ teinpeialiine-rbe 
being the ultimate Hniitntion of a niotor for contintious service), 
will easily be from 30 to 50 tons nioie. 

An increase in the total weight of u tmiii mnounting to from 3 to 
lb per cent is perhLi|iJi ml of itself of so much importance, hecau^ 
such a diiference in net power demand can easily appear for varioiu; 
reawuiii: but a ratio of 2 to 1 in capacity for the limit of equipment 
posHiblc to install within given allowable dltueusions and Dumber 
of uiiits is a matter of vital importance, 

{.■fimpof'aHft' iceiffAts of {linTt-ctirrertt and ^in^le-pho^e 

rmiiiiig-cftiTcnf: in’While the testimony is practically uiii- 
ver.^itl that no! only is an^'' single-phase motor, whatever the niimt>er 
of alterniitions. more or leas ineflicient than a di>xx*t-curreiit uioior of 
like weiglit or capacity, tJie diderences of efijcicncy. excluding the 
losses in the gen ring, are variously estimated. * * • 

An increase of 10 per cent in the amount of cuirent used on a 
direct'CnrrtJil Hystein, becaui*! of improper gear-ratio, change of 
schedule, or careless handling of er|uipmeutti by motunnen, does not 
mean that this exec^ss energj^ is rlksipated in internal losses in the 
motors^ for these inay tie increaserl only alx^ut 1 per The situa¬ 

tion in regard to tlie single-phase motor is, howevej', entirely different 
for it is subject not onI_v to increased power consumption with its 
proportionate losses beciiuse of careless operattniu but it also has its 
individual increased internal lossj which is variously estimated £o be 
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mutli mmv ibtiii i\mi in pivperb^ designed dim'l-citrreni mu- 

of LHpiiil weight mitl like physionl liTnitatlGns. • ■ * 

It is ciistnmurv to adopt n single pha^ altenuaing-eurrent m&lor 
tutiiig whiuh is liased ii[XJU Ihe jx^rfoniiiince of sonie dii^ctMjurt'ent 
tnolor, Pnr exanipk\ n l^c^liorsepower Hiugle-phtise tnaohino is suj)- 
fKised to ilo die same work, iliat handle the total numlier of 
ton^ Qti btonie -^ipecnried service* as n l^rj-horsepower direct-cur^nt 
motor. This may Im? im ingenious coiuparisim, but it is misleiidiiig. 
The fact is that sneli a motor efinipnient* inoluding its tmiLsfornier, 
will Iw tnueh heavier than tlie ntolor equipment with which it is efuii- 
pLircnl, und coiisequenlly the net load which it can handle will be 
much Ieii&, 

Wfmt of vital oonsequem^ is a comparism of capamtim for 
not only of motors i>nt of total appamtus which must 
he curried on a coFf and also to compart the speed-relations and tho 
pciIaI-clearances, in other wonls, I he allow able wear of bearings, all 
of which is quite aside from gear and cotiimutntor brmdi cotisidera- 
lions, which are of tliemselves .serious^ 

Valatin and others have indiciited one meastire of conipariwn be¬ 
tween motoi’sof diiferent makes, types* and cajjacities—the wciglii- 
coefficiont,”—which fur convenience ma}^ be expressed by the follow- 
ing equation: 

. Xmiiinal rated horsepower. 

Weight-cocfhtMcnl = u^vobtioii-.Xweight 

This is a factor of tlie greatcist importance, and it fibonld l)e con- 
Kidered not only for the one-hqnr TS^-rise load, but throughout tho 
whole therm at curve, 

lji‘t us investigcile tw^o staialarfl modern mcichiucK, 

An initial eoTnparj.^n is as per thb table; 
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Hie weights are minus pinions* gear* and gear cases. There is a 
difference of lesir than 4 per cent in net weights, or ultout 2.5 per cent 
in total weights. • * • 

Tlie act^oriipanyiiig curves (fig, 1) show’ graphically, almost start¬ 
lingly. the c.^anparaitvc capacities, and weigtit (xiefficicnta of 

i1k>*^* machine.^, all ri'ferrcd to the timi^ required to rise 75“ in teni- 
peratuH' when apt^ratiiig at full normal potential under varying loads 
and with natural veiiiiladcui. 
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Generally speakvnj!, it will be noted that, starting at 500 revolu¬ 
tions for it 3P-minutc run, the capacity of the direct-current tnoLor 
oreniges appmxiinatoly nearly double that of tlie alleniuLing cur¬ 
rent throughout the thermal range: the speeil of the it Item at) ng- 



rairont motor rises at a much more rapid rate, until on a fi-hour run 
it ifi double tlntt of the ilireet-ciirrent motor, despite the fact that 
it is only developing one-half the power; the direct-cnrtviit luotur 
has a 5-honr capacity in excess of the l-hour eapncity of the ulter- 
nating-current motor; and the ratio of the weight coefficients, begin- 
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niug ill 11 li'ille pf ovt;r 2 to I, rises to mure than I to 1 in favor of 
tlie direct-current motor on the longer runs, TItis comparison of 
weight- coeflicients does not iiictude the ^^olJector^^ control t 5 witi_h.es^ 
rheostiit*!. tniniffonnors, or wiring, wliicli in the aggregiitc are 
enough lieovitr for the n I terJiii ting-cur rent motor to maintain these 
di^aritics. 

It is e%ideiit, therefore, that a pair of thpie aUemoting-enrrent 
iiioturs can hiitulle only about one-hulf of tlie total load of the direct* 
current niotois, witli all tlie tlisiitlviiuioge of higher armaliim speed 
nml ,<m!iiller air gapst ami considering tlie excess weight of the con¬ 
trol apparatus, the net loud over and above the electric ciiuipnient 
would lie considerably less than onu-half. 

This generiil comparison is not, so far us the relative clianictcristics 
lire coiiCemcEl, individual to this particular size of motor, hut sceins 
at present to be equally applicable through a wide range, and iridif- 
fercnlly as to the make, or whether the alternating-current motor is 
fd the sfri(w*coin])eiisatcd or the repulsion tyja?. 

Pohjphfutr nnd tfiotor eharet6teiiiUcs, —OppOiSed to 

the two typiis of single-phase motors an* the poly]jh«se a fid the direct- 
current motors, the former ivitli a rotating field and the lalLer with 
a field of fixed cluiiQcter. They have similarly high weight effi¬ 
ciencies. tlie former having gome what the advantage when compared 
with the ordinary tyjw of direct-current motor, 

Tlie polyphase motor, however, is a normally constant-speed ma¬ 
chine. It can, through a rearrangement of fields, be run at two 
different kimmsIs, but each is ptadically a oonstiiiit one. Or where 
there is a pliirfility of motors, iiulf and full speed can bo obtained by 
having one pwir of different elianictcr from the other, uiid operated 
in casende relation to it, with the necessity, however, of throwing one 
pair of motors out nf service when running at full speed. With 
Ciuscade opiTalion and field changing combined there can be three nm- 
iiing .speeds. These niotops, so far as their supply is cnnoemetl, have 
l»een limited for practical reasons to a ixitential of S,000 volts on the 
tmllay. 1xH.-iiuse the supply retjuires, besides the rail, two wires over¬ 
head.' iiliLimigli a n?c0iit iihdeHakinfr in Unit-ed States, the opera- 
tiiiTi ilk tlii^ Cii^a<3o TimiicK "is to t>e att^mptcM:! at C.0IX> 

Pcjly|jhastr motoh? have mi encirnioiis overload eapacitr, firiil thi? fact 
thal Ibey run ot siynrhrtinons six^ls wifh a verj" sniall s^Up, jiml if 
frw|neiicy is ntichangcd will run nearly fast as nn a Ipr**!, 

woisM incUcate at first si^t excessive loads on main and substations. 
Bat a curious and perfectly natural result hm been pointed out by 
tVeriisiu and Von KandOt namely^ tiiat with suitable provision for 
rt^gnlation at the central station, so that with e.xeessjve loads the gen¬ 
era ton? will drop in speed, there wilL with auch &pe«d reduction, be 
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not only n tcmportiTj*" cessiitioii of tlmwiiirtt power hy the loromoti^e, 
lint ihene nniy Hciimlly a retum of energy to tho line whilv. slowing 
down. T^Tiiir of oourae Lliis slowing down alfeL'is all traim on o sys¬ 
tem ^ it h quite conceivabk tlvat when tJiene are a n urn tier of trains in 
operation n mean result mity easily l>e attained whidi wilL in the 
matter of load HuctuatJon, toiiijjaro favorably with that of any other 
S3^‘?tem. Jliiltiple-nnit grouping and o|tGratioii is ordinnrilv in’iprao- 
ticalik b 4 Hr£iuse of the sinal! slip. In spite of the splendid w'ork done 
by the Gan2 Company^ and the strong sup[>ort of many Italian eng!- 
noers> T feel tliai, all things consideivKl* neither the motor ehanietcr- 
istit's nor the limiiatifins of overhead coostriiction ai-e ncreptable for 
such ^^e^vieo and conditions as c^ist nn our trunk-line rr»ads. 

Ott the other hand, con^dered by itself, the dinTt-eurrent motoi-j 
with it.'i bigli average w^eight efficiency* simplicity of constnictiont 
facility of control, Eiutomatic renponi&e in torque and speed to varying 
grades ftnd curvatures* and great sustained capacit}' for enormous 
torciuc at low sjx-ed, besides ilie advantages of sfKM*d-rangt*s obtained 
by motor-grouping, and the uw of a single conductor and track 
return, offers a mosi effective machine to meet the conditions of 
miicli of our railway service. Through it* as with the polyphase 
machine* the ruling griule/'' often of liinitcfl length* Lh elimirmt^s!, 
for the motor can always respond to tliese teniponir^^ demands up to 
the limit of track iidhesion, 

Ph-crt-mrrf^nt Jtiotor Imprfivrmfnt^. —During the last two years 
important developments have tiiken place in diret^t-curi^^^nt motor 
constnietion whieli materially change any piwonceived conclusions 
as Id its Hmitatlou^. 

Tlio first ia the introduction nf the commutating pole, which has 
practically cHininntccI commutator troubles^ such as sjjarkirig, undue 
Iscatingt ^and fiasldng over, so that even a four-pole machine* within 
n wide range of potential and load* runs absolutely black at tha 
brushes. That this iniprovemcrit has reached a high degree of com¬ 
mercial stand in", despite veiy' recent tcchniciil criticism and opposi¬ 
tion* is eridenoed by the fact that orders for nearly a thousioid such 
railway motors have been placed wit bin the last two months. 

This improvement makes possible the shunted-field addition to the 
KcriefkpitrEillel control of st>L‘cd* tlic cotint ruction of motors fnr opera- 
tiau at much higher potentials* and the oi>emfion of two motors lu 
series at double potential* 

An especially important development is that il hist rated by the 
gearless locomotives built for the Sew York Central lEadrcjad 
(pi, i), in which the hitherto invariahle practice of maintaiiiing a 
fixity of relation lH‘twe<?n the armature, or rotating part* and the 
field maguet* or fixed part, been nbandoued; the ariuaLures are 
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tiiuuiitcKi dim lly on the nxle. tlie field nicif^jets foriiihiri n pnrt f>f 
I he I fK'omntive fi stiiiP. ^iippurtod by itn spring:? und lieiic?c luoviible 
with ippml to the In thiw firiLSlnidniru therefore, f.herp 

fkrp no imniitiire or fieltl twHrings. Tliis lofoiiiotU'e of the simplest 
type pofwihk, cleotrieidly und metduinicnlly, mid when opemtiiig 
under eonditioiLS for which it is proi>erlY iippliciible- it Inis nnt only 
the highe^it weight efHcionry, but the lowest ro^t of repatn? of any 
diretl-eiirreiit mnehiut^ and much lower than ifi possible for any 
single-pbase IcK-oiiiotive. It is structiirally a natural higb-potentinl 
machine on aceonnt of having but two poles. 

Difference between direct-cuj-reni <tnd single-phciRi! 

Cfurrrni —The pre^sent inherent differrnres- bt^tween dirett- 

cnTrent and siuf^Ie-pb^se motors may be briefly summed up as 
follows t 

t, Tlie Input of current In one is contiuuonsi in the otlier inters 
mittent* 

5. One bos a single frame^ the electrical and ineehanical parta 
l^eiTig integral; tlie other has u laminated frame contained within 
an inde[xmdent cashing. Hence there is not equal rigid!ly, or equal 
use of mcUih 

3. Oiip has eseposed and hence freely ventilated field coik? the other 
Imsi field cf>il& imb^Hhled in iJie fi^eld magnets, 

4. Oite lias a large p(Jar clearance* and con^icqnently ample Iwaring 
weiLc; tlip oilier has an armature clearance of about only one-tbird 
fts niuelu and liernx? limited Ixaring wear. 

fK One is operated with a high magnetic ilusn and consequently 
higli torque for given armutui%-cOTiductor current^ the other has a 
weak fiehb anti consequent lower armntiin? torque^ 

C. One has a moderate si wed arniature and commutator, and nins 
at a motlerute flpei'd; the other.. wdtU equal capacity, has n much 
larger diameter of arms lure and conimutator^ und nms at a much 
highi^r speetl. 

7p One permits of a low' gear reduction, and conseqnontly a lorge 
gear pitch; the other requires a higher gear reduction and a iiveaker 
gear pitch. 

8. Tlie windi ngs of one are subjfjct to elect Hen 1 strains of one 
ebameter; in those of the other the stmiiiH lire of rapidly variable and 
akernating character* 

8, The niean torque of one Is the cotrespontling maximum | the 
mean tonpic of tUe other is only about tw'o-thirds of tho maximum. 

10. Tiic tonjuo of one is of continuous character: thjit of the other 
is variable and pultiating, and changL>s from nothing to the maximum 
fifty times a se<Mmd. 

11, One has two or four main poles only, two paths only in the 
attnatnre, and two fixed sets of brushes; the other has four to twelve 
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PoU'Sh itK iimnv puths in Xlw urmjilun.% lni<1iri<r u* nnhiUiiit^inj^^ mtl 
11^ rnjjn^' ninvahlf? uf crommutHtur 

Oii^ eiLTh n higli ti>i>|Ui^ for a con^idc^'sible Ihne wIiiLl^ 

staodkig siiU; the other iipt tti bnni out ihe mih which ai'c sliort 
ciix^uiled under the hrushe5^;, 

13. fn one^ all an«ahire-«3il rnnnetTtion-s arc niafle diiwtly to the 
('omiiiutntori in the either^ ou the Inrjjer i^e^ivInnriMs sin? intni- 

diiffi?il bet ween the coih aJid every bsir of the etuiuiiiitutor* mnw of 
whjeh ore always in circuit, and the rciimlinler always pn^iit. 

14+ In one the anstained eapacity for a ^iyen %^eighl \h within the 
rea^uable requirements of construction ; in the oLtier it h only about 
half us luudi. 

15. Finsally, the gcarless type^ with armatui'e and Held varying 
relatively to each other^ is available for one, last this i!onslnidtion Ls 
denied to the other. 

ConsidenitioUj then, of the duiravicrisiics peculiur to each class of 
motor indieate+ not that the single-phase motor cun not Im? used, hut 
that if adopted the weight or nnmben ntid the cwt of locomotives or 
motel's required to do the work must Iw miidi grrsitcr; that the depi'e- 
ciation of that which is in motion will be higher; and t!mt there 
will always he an excess weight of fixed amount jjer iinit which must 
be carried jrre5pective of the trailing or clfectivo loads. We tiiusl, 
tliPi>?fnrei in nmny case^ he lixi to the sele<dion of the direct-current 
niotor+ that motor whidi has the higher weight iropaeity* the greater 
enduranwt and the lower cost per unit of power, 

Ehvtrir /^njrA'i>i^.“Recujienitlon of energy In rctluce the amount 
of power used, nod to miike the motors act as tirakes to retard the 
acceleration of a ivnm^ has Iwen a favorite proiVdt lUid uttendcfl 
fay iiiunj prophecies since tlie beginning of the electric railway 
industry* • * * 

On ordinuTv^ railroads the giadieutii are not suRicient m ninke it 
worth ivhile tn nttempt any rceupei^ntiori of energ)^; the acx^clorutioti 
due to any excess of gravity cix^Jficient fllKjve tlint neecssuiy to over¬ 
come the friction of the train is usually welroniecl. On inoiintaui 
roads, however^ electric braking may Ijectmie fui important adjunct, 
not Ijccaiise of powder et?onOmy. but for safer o[)cratinn. In nny case, 
simplicity of application and alisolute rdiability of action are fir^t 
essentials. 

There nre two general methmls available; One in whidi the energy 
of the de59cending train drives ihe inetoi^, acting with shunt or inde¬ 
pendent field characteristics, at »n Jtggregulc potential above that of 
the line at the rail, iind sending current back into the Ihie; oiiother in 
whieh the motors are disconnected from the line, and driven as self- 
exciting generators on a closed circuit, ii?i iniidi of tiie energy of the 
descending train as desired being useil up in heutiug riie<wtsit^. * * * 
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&lterniiimg->-€UJTent hTaking ^^— 
On the genernl sfubjet-t of bnikinpf it shoubl In'- pointed out tliat with 
direet or conlinuoiis current motors tliere is ulways u reaidual magnet- 
hm in the fields Ijeoaube of their consdnlctioHi and the fact that ilia 
exeitiiijv current never changes din*cliori. Such machines^ therefore?, 
cAti always promptly build up nntoiiiatically when properly closKrd 
upon themselves?, and the reverser is set in tlie proper direction. 

A Himilai'ly eHeclivu meiiKH'] of l>raking has been claimed for 
motors operateti by single-phase alternating currents but it would 
that in this^ease there is nol the same degree of reliability. In 
such motors the field is laminated to the last ilegree to cut down 
heat IfK^ses. ^utl to increase the copucily ■ it will hold but little resid¬ 
ual inaj^ietifini under any circimiKtaiices, and flirt her mni\> the field Is 
excited by a rapidly varying alternating current. Tt is therefore pos¬ 
sible that at times the field will la? nearly inert, and comparatively 
slow* with iti4 low-ttirii winding, in building up, or possibly tlie 
field may t>e enliirly inert, and 111115 ' rcfu&e to build up at alL There 
sec JUS, therefore, no certainty whatever that a single-phase altemal- 
ing-enrrent motor, lijsoooneeded from the line, and without any other 
exciting source* will, when closed upon itself, always build up into a 
braking dynamo. 

All things considered, reliability and simplicity of operation dic¬ 
tate tlie use of the self-exciting method of braking with the direct 
current motor, which lends itself to tliat purpCK^e in the highest 
degree. 

Tr^>r^:tn^ coHdwr/orw*—Whatever motors ai-e used^—and all the 
principal types will be used—there are various methods of con- 
struct ion and use. especially as applied locomotive building* and 
alteniate methods of current supply and nse. 

Generally speaking, {Conductors tnny l>c divided into two classes: 
Flexible or rigid overhead, and third-mil. f)ue would suppose from 
many references and stune of the argimients whiL-U have been made, 
that direct-ell rrent syntemH are essentially and necessarily dependent 
upon the thiivl-rail, and that the overhead trolley is a thing indlvid- 
lud 10 * and ha.s lieon developi*d for. ulternaf ing-enrrent o{jeration only. 
This Luipres^ion should he corrLHzted* not of com^ for the information 
of engineers^ hut l^ecaiise tins somewhat erroneous idea is in danger 
of being accepted ns a fact by non-techuiail men. 

The overhead system has been n distinctive feature of all electric 
road^ operated by dire{:t ciirrcnt since the days of the historic Rich¬ 
mond riaiih with the exception of those using the third rail; and until 
recently the only piticticml mixlification haj? been the somewhat lim¬ 
ited use abroad of tlic slidiitg I 30 W or roller in place of the grooved 
trolley wheel This latter^ although uaed with high sfieeds on inter- 
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urban reacts, is unlitte<l fnr trunJi4jne njM*ratirin. atni where ovprliQad 
trolley are nspfl the loii^ col lector will probably take iU phive. 

Physiciill3% the Dverhcy^l trolley is not inriivicluBl jiny purtlciiliir 
systeiii: pnicticBllyt Us use dci>enfb hjhjjj the amount of current 
whkli has to lie wllected. If at low jKitentiak^ then it nnii^t lie either 
Ktrotif^iy reinforced, ami there miuit be a plimility of contwets, or if 
these are dimiiiislied the amount of current to lie wllected must like¬ 
wise lx* tedueed, ami the pnteiiLlal raised. In tlie ab^raet, therefore, 
die possible use nf the overhead trolley, no matter by what fystem, ia 
a question of allfiwiible operative potential, and the amount of current 
whieh can Iw* pmriirally efilleetorh 

Until rt'centJy the invariable practice with overhead construction 
has heeu lo use a flexilile wire supported at compamtively lon^ dis¬ 
tances on tangents, with pull-off at curves, nud easily yielding to the 
pressure of a tiMiiliTig irol1e3\ This is the practice which charac- 
teriKqa not only dii^^t-current tndle}" Of>eratum^ bill has also dislin- 
guislied practically all operution abroad wdiere single-phase or 
[Kilyphase rurrenls lime laH?n used. The intrcKluction c?f high ten¬ 
sions has, however, now mu Jr it necesiiiiry to jirovlde by additional 
supports ugBfcnsl the possible breakage of the trolley wire. This has 
led to the introduction of cateimry construction, the catenaiy Ix^ing 
either single and snppnrting the trolley at frefluent intervals, or 
double to pi-evcul Inteitil swaying. In the former case the tojlley 
is only partly tlesiblc, and in some casess the support has Ijeen sup- 
plenucnted by an intermCiUate catenfli^v as on the Blankcnese- 
Olilsdorf It ail way, where greater ilexibility of the trolley wire itjself 
is insured by hHisely sus|Kfudmg it from the lower meralH>r of the 
catenary instead of making the latter the trolley^ wdro, and providing 
for vaiyiiig ihe leiLsicm. Tn other cases it is to some extent main- 
taiiKHl by having less fmiuent supports, and also b}* introducing a 
movable part iit tlie ausi>ender. 

The most recent and extended npplicatioii of double-cntenary con¬ 
struction is that on the New Ibiveii roat! for use with its single-phase 
locomotives (pL niK Tlfire a trolley wire is put under high teu-sion 
and is sup^xuied at frequent interviils by^folid clips attische<l to rigid 
triangles, in turn secured to g«i 1 vani^^d-iron wdre cables carried on 
ItLSiilan^rs un the tup uf bridges which span the I nicks at intciA'als 
on tangents of aliont WO feet. The catenarli^s are draw^i together 
iK'tvvrcn the spans sf> as to give the uUnost rigidity to the whole sys¬ 
tem, llie intent being to main tain llie trolley wdre as nearly as ptTssi- 
ble in one plane* At and sidings the supporting triangles 

overlap, and the angle between ihe junction and the trolley wires k 
filled with additional coTiductora, more readily to insure safe piii^ge 
of the vertically moving sliding contact which has been adopted. 
At intervals of about S tulles the trolleys are sectionalized at anchor 
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Ipritl^t^s, wliuin? utv the svvitcheir fur ciattiiLg <nit 

sin4 foi' inuiimg* io extni ^supply c^ffidiictors. 

The paintn^npj^ i'iii]Ki^L^ <yf n HliiUiijE^ or rolling I'ontuet- 

THrhich foi'iiibs Ihe ijp^ier Tinml^r rjf n li^lit yet Hircin^ aiUii [wible fc=tnic- 
tnro maintAmin^ nn np^TArd aprin^ prfc&iuie. The ihwjry of (his 
systeri! pf i.^>llection is llmt ai IfKiomolivp noriually tnovtei Ixit^veen two 
pLiriillel plnii<K^ un one of ubicli it rims ftntl tmn the irfher of whinh 
II t:ollect^ L-um^nl. and thiit the urdinnry motion of the eoiituet will he 
inappreciahle^ This nss^imption is, ho’ivever, modi tied in prsictice. 
The e<:jlleclops Are t-Tirrieil nominlly 23 feet alHive ilie imek on n super- 
htriieture (pL ill Ti'hieh nnist respond in some tneasure to traek 
liiritirs. itnil which Inks ciohsltlcmlik inertial ami aooie friction. Thcn^ 
13 a drn|^ Ijecniise of friction Against the tncilley wires and wind pros- 
sure due to motion of the locomotive. This- upward pressure niiist 
necossiirily Iw changeable heenuse of variation of an-ijU^ friction^ and 
the lesnltant motion. To Jimiiitiiin cmitaict it must rise and fal]. 
When triiveling 70 miles an hour it passes supjKirtig which ure more or 
less rigid nine limes a seetincl. nnd Ijctween these sopporta t!ic trolley 
wire, no matter what the tension, will bir mnvexed upwards^ As the 
collector a]>pniEkriies any siiRpeiider the pressure will norTiially ix>ri- 
flidemhly inctvnse, nntl, eik ii leaves it, dimintalr, I'he praclical qoes- 
iion arises whether^ eonsidering nil the forces acting on il and its 
inertia, it cun satisfactoril}' resipond in Eiddition to other xequirements 
to II double diatige in vertical direction nine times a j^econd. If con¬ 
tact depended upon the whole ijtnicture of the panlograpli moving 
thus rapidly some trouble might be anticipatcdt but possibly the elas¬ 
ticity of the upper pait will prove sufficient. 

An ingenious methcK] of making contact with an overhead single 
trolley line is thiit developed by the CX^rlikon Company under the 
direction of Mt. ITubcr (pi. iv). In this system the trolley is 
strtjtched wiih i^>m|Hiraiive rigidity on top of insidators sup|K>rted 
i>n [Kiists along>>idc the track, with cross-overs where needevL In place 
of tiae onlitiurj" whctd and Ik>w troilejs, a curbed hingeti arm of fair 
length, and swt^cping over nearly one half a circle in a pUme trans¬ 
verse to the line of track, is'siip|HirLcd on insulators on the side of ilie 
tnr. Xomially, this Ihjw n*sts on top of the wtrii!, pressing lightly 
on it, and thij.M avoiding the under formation of ipicles. On cross¬ 
overs and in ttmncK where (ha trolley wire is cttmed over the track, 
the arm m mgs towiird the center of the car. and is dcpi\"i^<stHh making 
iroiitact progressively from tlie top iiroimd to tiie eide, and thi n iindei^ 
peotii the trolley wire, fri ndilitinn, the saddle which carries the bnw 
is moviil>le lateniLly, increasing the radius of action. Of coui-se two 
Lows can lie u.sed, 

Tlie uitvmiitire type of workiiij^ roiiOuctor is die thirtl mU. alrvuily 
ttdopted oil about forty tomU, some of conijidGrabLe e.\tc[Lt, iiuist of 
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GaTEk^Ry Trolley on New Hav^N Road. Four Tracks and S^Dlm 
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thcjii wit]) lifjivy pussenRer nnd nponitM under gifiitly vaty- 

iti^r wnidiliofis. A large jirntJortion of tKeau iir>arUi have iism;l tUe or¬ 
dinal^' tyiJfl of top-contact mil, tnirried by Injsiiklors on the ties, 
somt'tlnu's ctitinity exposol, iitul agHUi partly gnurfled tiy ride boards, 
fts on the ilatihattan Elevated, or by a wrHideti shield carried by 
j^)km from the rnU itiself, ns on the Tnterbomugh. Wliile this is tlie 
itin)pleat fnmi of third-rail constniction, and has given gooti tservice 
for years, it has certain diaadvantages. If expustH], it b u cunstajit 



fro. 2.—rjotollp of WJlsrvpt ortd fHi#fM:fis4 th.lnl ™iS, 


Tiieinflci?!, e^pe^-j^Iy Jrt ysirds: iifid even when guaindeil it can not bo 
wholly protecun:! from snow find ice- The lower port is only JibiuL 
4 inches iibove the t.Ut, wKile the holdiiij^ clips generally used reduce 
even this clearance, so that the danger of gixjiinding fmrri iiccumula- 
tion of w'flt Bnovv and ashes, and from flooding is increiu^ed. In the 
hitter case over-ull flooding has Uie whole rail siirfaia? for leakage. 

These various ohjections kd to the aliandonmcni ul tho top-wiflact 
rail in nmnection with the Xew York Cenlrul w*ork, and the develop 
moot of ail imderH^ontact alieathetl rail supported hy insulators fn™ 
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bmckots carried on the tieu, and with the hotly of tlie rail about 9 
iIK'lies dear {%. 2). This typt* of mil has been adopted for the 283 
miles of trackage under electrtfieution. as well as on a immtx^r of 
other roads. 

The structure consists^ briefly, of a series of iron brackets carried 
On the ties, to the tungued verticid face of wjiich are clainiied noti- 
charring ninLstiire-proof insulator blocks tvhicli loosely embrace the 
head of the rail, liitcrtncdiatc between the iusulalnrs the rail car¬ 
ries «n iiisnlating sheathing, which embraces the head and n^ndies 
down nearly to the la>ttom face of the mil. but extends outward from 
the web to form a petticoat protection against snow and sleet, 

h’or mod elide potentials, say of 600 volts, the tivo halves of the 
insulator blocks are alike, but for the higher potentials the inner in- 
snliitor tdock, that is, the one next to the face of the bratkel, is ex* 
lendeil so as putiJy to shroud the head of the bmeket. The sheath¬ 
ing U^ween the inKiilidor blwLs, deporuUrig upon local conditions 
and price of niaterials, as well as ])otential used, is fonneil of three 
wooden strips, one grooved on the under side and inclosing the head 
of the rail, ami the oilier two. attached to and dqwndeiit from it, 
reaching in lowanis the web of the rail. Wluire good wood is not 
avnilahle, an nlterinite protection, t>osting about llie same uml baving 
a higher olei.'trictiI resistance, although not quite sognral a tnixrhanical 
one, is ji sciniflexible shell of indurated fiber confonned to the rail- 
fleetidn, • • * 

f7rnernl fontfKiruton of veorkittg t'oriductorg. —AH working conduct¬ 
ors are in iimny ways objectionable, hut since they nre a necewsaty 
coniicrting [ink between the source of supply and the motors, soiim 
cotnparisuiis may lie made of the two kinds, the under-ctmlact, pro¬ 
tected type of ihini mil and the overhead trolley, as affected by con- 
stniction and ojieraiion. 

The third mil is an inert structure; it can be aligned accurately 
with the track, is not under strain, and its expansion can lie readily 
taken care of. The overhead trolley is necessarily a system under 
slraiii. ami where permanency is desired and high imtenlials are used 
it niuift la- carried by one nr more mleiiarj' cables, wliicli on roads of 
high curvature makes the cnturtmction more difliciilt. Its alignment 
ill the Inner rase does not rnreespond with tho line of track, and os 
ordinarily constructed it is subject to extreme variations of tension 
™ acwiunt of U't'athi'sr chan^n^ 

The third rail offers some tiiudrance to the ordimity maintenanse 
of truck; but overhead mnstruelioti is inclBLstic, and the Inying of 
udditiniial tracks or changes in grades or alignment m|uire radical 
and cxiiensive altera lions or additions in permanent overheatj struc- 
turea. 
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* Denvilmerit^ will cru^h one form of conductor to the gronndt form¬ 
ing ti short circuit which will cut off the section; hut they may al&o 
knock down the ^iipportinjiC ^roctures of the other, aiid^ where there 
is a pliimlity of tracks, put them all out of service. 

Tn wrecking, the third rail offers some ohstnictiou to the throwiug 
of the equipment to otio side; but, on the other handt overheat! con¬ 
ductors may interfere with the operation of the crane booms of Uie 
wret^king car, 

\Miere there are two or more tracks snow can not be piled up 
faetwf!en them if the third rails are located there; but* on the other 
hand, overliead conductors are a source of danger to train men^ to 
iinoW!=hed and tuimel repairer^j and in the o[M*n are subject to troubles 
of sleet foriniition. 

The third mil will oftentimes be covered with stiow\ bn I is un- 
a ffected by sleet. Vcry thor¬ 
ough tests made in connec¬ 
tion with the New York 
Central work show satisfac¬ 
tory operation, not only iu 
sleet stormSf but with the 
rail buried in snow* Addi¬ 
tional deptli should not add 
much difficulty. With re- 
garil to frogs and switches, 
there are no problems wvhich 
can not be solved with this 
type of third rail* with an 
occasional overhead section^ 
and any reijuired amount of power can l>e collected at ojierative 
speeds* 

On western roads, where n rotary snowplow is nsed^ overhead 
conductorff and the supporting imailatom especially in yards^ will 
be subject to a heavy bombardment of siiow^, ice+ and with 

possible r^ultant breakage, and the under sides of the iimbrelliis 
of the insulators w^ill bo often filled up witli wet snow'* 

Then there are corro^^ion and soot deposits when i-1enm and electric 
openitiou are mamtainefl over the same tracks Where the steel sup¬ 
porting bridges also carry signals* as is proposed in some rases, 
there b increased danger to men engaged in cleaning, pointings or 
repairing overhead stmetureA and taking care of signals; and when 
spanning two or more tracks there is a possible interception of the 
train o|>erntor-3 view of signals bf^cati^ of dips in the railroad grades 
bringing overhead bridges in front of the semaphores, wliich likc- 
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wise may be niadei iejss liislmetiA^e jf tbey Imvo triiijs fiieiiibersi lor ii 
brtck^fTound. 

fff'lato'i' dlrect^i'-firrent in trollei^ and third 

rnU .—^Xow thmt tlie uiiprovements in clii'eot-eurixml motor construe^ 
lion, not only llinife promL'?e<l but thotsu uctiially 4ieci>mijlislied, luivo 
mjicie il poi^ibk^ im^peetivo of what mny fje done with oiler- 
TUI ting-current mntors,^ to tine niiieh higher potentials thun ordiiuiry— 
niit^ of cotinsc, aii high us tliose aviiiluhle in ♦si ngl*^ phase ill tempting- 
euTrent systems—the question ffometimes arises. Will not the permis¬ 
sible potential be high enough^ taking into account certuiii other 
fjictH, to mci^t in liifge meiisure the deninnds of roilmtd oporationj 
whctlier by overhead or tliiix! rail 'i 

Engineers have general!y proceeded on the assumption that the use 
of II sufficiently high jjotenliul for practical purpcisea is possible only 
with overhead eonductorf^ In the Siemenii-Sehuckert instaihithin fit 
Miizii*re.Sj where 2^000 voltit direct cnrnnit are used, tJie current k 
token from two trolley wires of like |>otential STipported by crosi^ 
w'ire eatenariej^ from side poSes of the same construction as is com¬ 
monly used to carry the w^nming tickler. 

Again, the th ini-wire system has been proposed^ on the Krizik 
roach (iiid. on a i-ecent instnllation w'Uh many grades and hca^w iim- 
uels in the ijelle mining district in France, whem two overhead 
trolley wures art? u^M^d at 2,400 volts, with the Lriiek as a neiifraJ, and 
with the motors grouped in series of two. current Inung supplied by 
two Thury generntorH iti series and grounded in the middle. 

A comparison of potenthti relations giving tlie same Ick^cs on three 
eystoins is intei'esting. The systems are: 

U ThrM>wire. with two Xo. OWO trolleys and Tij-poinid iNTiided 
Eiiigle track 

"2. TwiKwiiii;^ with same trolley wires and ti'ack i\Uiirn. 

3* Thiixl rail, 70-poimd spetdah ttnd with same track mum. 

The following (able gives the cromparisojis: 
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Oh HiH'h 11 sliflwinjL' thoiv is little escime for tlepnrtiiift from the 
lower iiuteiiliiils iiiid thr sim]iiki' systems, imd lieiiig )i)in<licii|]|RHl with 
lliu higher Tolta^' problems oiul ™m(i]iciition of switches in the tliTW- 
ivira gi-stem. If miy smailer t rolley wire Iw used, theo the dispurily 
between Nos. 1 or a (jid No. 3 would be eraphasisficd. 





















Plate V, 



PfiOTteTeo Third Rail aftih Sleet Stdrih. 



PnaTtCTED Third Rail Swreed in Shqw^ 
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Till' rdtilinn of potenlinLi itnHciit^^l in thb tiible rais^ the questioti 
whvtlier, in vbw of tli 4 > disparity of Miirent conductings capacity 
iKftmrn iin overhead niid the tliini mil, it is not possible 

that a suHirtcntly high jxitcntial can be used on the JiUUt if froiii a 
practk'al railroad standpoint the hiiltmce of advantages uiid objections 
should [«' citoiigh in its favor to warrant its inalerial extenaitan 

iSofiie time ago I stated that in my opinion it wen practicable to 
oi>cnite lit doiilj'Ic live ordinary potentials with a properly pitilreted 
uiider-coTitact shealiicil tlunl mil. T am glad to be now able definitely 
to aiinoimco that it seems possible In mnstnict and njK'nUe at these 
increased potentials with ii degree of safety hitherto deemcfi doubtful. 

/'V/p'crt'Cycfe tfjinrafiiyii ,—Tlie principal object .sought, and cer¬ 
tainly a most desiruble one in the use of higher potentials, whether 
direct rvirrent or alternating current, is not now so much reduced cost 
of working conductors on u tniiik-liiie -Hystem—for pmctk-e lias aiiown 
ilmt this cost is not inateriiilly atrecicd—but lessened feeiler invcjd.- 
mciit, increase of fmbsiation distnnees, reduction of total siihstiitiim 
Ciipiicity. and, in the slngle-phasw systetii, the abolition of iiiovhig 
miicliitiery in the siibsiatiotis. • • • 

The degree of succe^ of the ulli^niiitiiig-eiirreiit development will 
depend primarily on the iJevelopnienl of capiic-ity aiid all-round oper¬ 
ative features in single-pLiise locomotive iin*l car etpiTpirieiitSL Tlio 
2i*.cycb motor (hitherto the only frequency actually installed for 
Hingle-jihasc equipments), whether judged by indmdunl comparison 
or ujitcifit' wjuipments, as I have already illnstnited. or the goiierul 
testimony of electrical engineers of vniinnfactiiring compnicH, has 
jvroved inndvxiuute when compared witli its rival. To corretit this 
defect it has Iveen proposed to adopt 15 cycles us u standard of 
npenition. 

This number of cycles has Iwcn under consideration for some time. 

I t is successfully iisct] by the Ganz CotiipHny in its ivnlyphase iiLstalla- 
t ions, it has lawn projKised in this countrj- by the General Klectrir and 
Wcatinghouse eomijanies for important work, and has lately been 
urgid as a statidaid by n mjmlwr of engineers, 

<tw/ fow/nofiwc consfrNcfmnir,—Motors are of the geared 
aiid gearless types, may Iw entirely separate units or partly integral 
with the truck frame, and may lie whoUy or partly .spring-supported. 
I^icomotive designs, iuiflueiued in part by the ty^w of motor adopted, 
show II great variety of constructions, and may lie veiy generally 
clasj^i ns rigid frame with all weight on the driving axles and without 
leading trucks rigid frame witli either .single ii.xles nr tmgie leading 
trucks Jtiiil Ixigie-truck lucomolivRs, the Iwigies lieing pivoted uruler 
the cab, and sometimes linked together. 
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On alt Jimhipk-uuk tniiiLSi,42Xt^ept Sfticli ah nredesigned forver^''high 
sjjoefl, in which case 1 he re is a possibility of a goarless-motor develop- 
jnefii, Ihe standard method of motor iiiiiu]iLiii.g I tnltriduced on the 
Manhattnn Elevatcil Railway in ISS^^ and which has Iwn in vogue 
ever ainre. bids fair to t.^onlinne, U provides for ?^lecvitig the motor 
and cnrivdng li part of its weight upon the driven axle, to whirh it is 
eonnected by any required mLio of gearing* the five end beLng Ilexibly 
sus|iended from the ti'uck alx>ve the side springs* 

l.-[> to eapacifies of 251) horsepvwer, ubont the limit reqiiiretl and 
permissible for motor-car eejnipment, single driving on one end ran 
be nst^l; but when tliia type of mutcir is built for larger siKea, in tarn- 
iiection with IcKr^imotivcs^ it seeiiis tilciHist iKX'sessary to provide for 
gear drhdtig at each end^ which presents some difliculties in con¬ 
struction. 

The rigid wheel-base tyi>ci of locomotive wilhout lenditig trucks is 
illustrated hy a dircct-ciirrent inacliine lujilt under the diret-tion of 
some associates^ and myself a mimber of yeara ago for experimental 
work on one of the luieM running out nf Chicago, and also by one 
class of ddiible-utiit locomotives wliicb lias licen frequently pru^wf:^] 
by various companies for single-phase alterujitmg-currcnt opera- 
tion. * ♦ * 

An analysis of tlie action of u locomotive demonstrates beyond 
question that this general ty|>e of machine—that is, one having u rigid 
frtimt' imd no guiding trucks- is limited to moderate spee^U, and 
ivould be unsafe if operated at high -speed on at road with much 
curvature and spisnal w^ork. 

Psirticiiliir iiiteri'jd; mtiirnlly centera upon the disltnctive types of 
lacouiotives ini^tntleii on four importnnt niilwny sjstenis, the Viiltel- 
linti iiiid tlie Simplun Tunnel in Switsierinnd. the Xew York: Central, 
and the S^ew York and Xew Haven, ivhich well illustrate three of 
tlie principal raethorls nf construction developed to meet the deinaiicls 
of different cledrkid systems. I will briefly describe each, as well ns 
make some comment upon a few of I he many other types recently 
proposed. 

As lllustratinv a liigii order of electrical ami mechanical etigiiieer- 
iiig, tlic work of the Ganz Company merits spt!cm] nientiun, for It is 
undoubtedly true tUat the present status of the polyphase system, 
which standa on a favoi-wj plane with many Italian enfrliieers, is 
owing ulinosl entirely to tlic efforts of this (-onipany. 

Tlie ]m1rphase motor loeotnotives <pl. n) bnilt for the Yaltelllna 
Railway iind for the Simplon Tunnel are strikingly individual in 
their construction. The asle mounting of motors is'abundoned. the 
motors being entirely ajpurate uniU niounteil on the locomotive 
frntiie, and coupled to each other and the G^-incli driving wheels 
through an ingenious oombinatiort of connecting and side rods. Of 
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the tJiree of main drivers, iho middle only is joiimaJcd in tlie 

main frame, each rmi pjtir beiii|r jouninled at one eml of a pivoted 
guiding truck, at tlie on(er end of which are fpiidjrigr wheels about 
onc-half the tlinmeter of the driving wheels. The end drivers have 
a limited end piny, and one king holt has a sltnihir freedom of move- 
tiient, while the other is fixed, resulting altogether in great freedom 
of adjuslrnent to track ciirvatiire^ l*he two motors, spring-supported 
tlirongh the loeomotive fi^ame. an* each quarter-c'ranked and con¬ 
nected to side rtals having downwanUy pruj(*c!ting jaws which l(««ely 
engage the driving pins of the niiddli* drivers, the iHinters of which 
arc somewliat lietow the centers of the motors. On each side of the 
jaws of the side iwl are niupled the eonnectiug rods of the outer 
drivers, prfjvision Ik'ing made in all l>earings for the ncceautry free* 
doni of tiiovcment and adjn.stment. 

In an earlier type the hKroniotives were equippen] with two sets of 
twin motors for high ntid low tension, the low' tension to l>e ojxfrated 
in cascade relation to get slow speed iti starting and for running on 
grades,then to be cut ont,nnd the regular running to be with the higli- 
tension tmdors alone. In the latest macliines the twin-motor con¬ 
struction has l>ecii aliandoned, and the locomolivcs are etjutpja'd w'ith 
twc) IS-cycIe Ingli-tension polypliasi* motors, one Ijaving 8 and the 
other IS poles, and an arrangement of field rirciiits in the latter ma¬ 
chine Such that it Can la* tem[airarily maile a low-tctisicMi motor ope^ 
aling ill cascade ivlaiion with the otiier. This comliinatioii permits 
of three regular ojieratiiig sjH.<«ds of aljtnit IG, SC, and lU miles per 
hour. At the lowest speed the motors an* in cascade I'cluliiin, witli 
high draw-liar ptillj at middle speed the Iit-jiole motor is in o|jer]itIon 
alone on high tension; and at the highest tfpeetl the 8-]KiIe motor is 
.isfti alone, likewise on Iiigli tension. Of cmirsc the physical cotmee- 
tion of the two motors together and to all drivers makt^ this niethod 
of operation possihle. The rated capacity of the motors, as given hy 
Vttlatin, is extruordirinrily higli. that witli the l:i poles being stated as 
1,200 hoiscjKmcr, and that with 8 jinles 1,500 bor;ei>ow er. Ijascd u()on 
the one-hour rise of tem))crature t(f 75“. The motors avemge almut 
13 tons each. 

The nso of connecting rods in this loeomotive is not as ohj'cction- 
able as the use of the driving nnd connecting rods in a steam hico- 
inotii>e, because the strains are very diirerent. and tlie rotative wciglits 
can be far more ja-rfcctly balanced. It can !«* fairly sai.l to have tlio 
advantage that with the mininium jaissible weight of locomotive 
there is no sutd. thing as slipping an individual wheel, a troiiblo 
which will occur at times witli all loc'oniotiva; having independently 
driven iisles if crpiippia] with powerful enough motors, liecaiise of 
Variation in iniitof eliami;teristics, trark and wheel conditions, and 
unequal wheel pressure caused by the drawbar pull. 

JlTSft——14 
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Almfwt Ihti oil tiro of Ihe locomotive is spring boraOi^ and 

ihti lwh[ivior of Llie mnoliitic on curves even at high ought to 

!» very satisfedorj. The mme general coni^trurtion w^ould lend 
itsidf very efTeetively to the application of higb-tcnsion inler-pole 
clired-eiirivtit inotorH. aiuJ may be very scriDudy condiiered in thij> 
ronneptioii. 

The general vharacteristies of the Xevv York Central type of loco¬ 
motive (pL fU ihe Ihitchelder ninehine as developed by the Oeneral 
Eleetric Coin|san\% \r pretty geneniily uadcr^tood* and niy description 
will lx? iiJiiitecl. Jt consb^s e^ntiLilly of a heavy steel fmme in which 
nn* jouninled four main axle^?^ and which ia terminated by pivoted 
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single-jL-t If [xmie.-t pruvided wiLli Hpritig resklnnce iigamsL dellection 
from the cent ml posit irin. The iiiolorri arc the gearlesH type^ the arniii- 
luri^ tieing moiiiih'd directly on the axles (PI, Vl) and the bipolar 
lield iiiogtieiH forming an iiUegral part of the main frame | they are, 
therefore, c'ttrried with it by tlie equalizing springer and have frtB 
iiiorion relative to llie am:Latures. In addition to the regular trueb 
frame, an addUioiiiil path is provided for the magnetic flux, wlueh 
passes through nil the armnturea and fieltl poles in series, by a heavy 
bar extending the length of the frame, ujjd carried aliove the motors. 

Bfiiiii uf ibe tivo-ijok- t,v|» (fig, 4) irnd wi(b a qiiatiratit wintlinfj, 
the art-cxtninrdiiiiinJy fm fnim sparking tpndenekis: In fact, 

tlicj arc, slnictTinJIy, natural l,i!00-voU machines, a 1 though only 
woiltn] for pi'csent opj'nitioii at flSO. So marked le this characteristic, 
that the brushes, wLiich arc ISO® apart, instead of being carried on 
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votes concentrit'ally with tlie cummiitntor, are carried on arms at¬ 
tached to the field-magnet frutiie, aiul although iiioviug with it func- 
>ii perfwtly. 

'J*he electrical and tiietJjaiiJcal constniction hi, therefore, reduced to 
acme of siniplicity never Iiitherto attained in cleetrie locomotives, 
for not only are there no gearSi hut there an' no armature or field Ijear- 
ings, driving spiders, or special spring connections, iillhoiigh 

all the weight of the niotors except the arniutnre is-spring supported, 
Tlie air gup is very large, and as tlic pole pieces are very nearly Ihit 
a complete axle unit with its armature cun U* readily dixipiied out 
and replaced witiiont disturbing tlia l>alant‘e of the motor equipment. 
This tyja* of iiiaclihie, of ix>ursi\ cun not lie ii.sed with any form of 
alternating-current ilireotly. no maLler what the freqiiencv, 

Wlien first propos^ul the design was considered so radical that its 
choice met. with o gtwfl tleal of criticism, hut experimental trials 
extending over two years, with miles of operation, (imply 

demonstrated its remarkable reliability and efficiency, t|UulUu's con- 
firmctl by the ojwmtion of thirtj’-Dve of these loco>notIves now de¬ 
livered and in rcgidar service. 

Tin* total weight of tho locomotive, without heating equipment, is 
about tJ.'i tons, of whicli TO tans is uii the drivers. The iinminal ca- 
pttcily, with Tr>° rise and natuml venlUution, ia Sj^OO hors*'pau'er, at 
which output with IKH) volts the motors run at revohuLOiis, ixiri-e- 
spondiiig In dO miles an hour. The rigifl wheel hast! js 13 feet, the 
total wheel laise 2“ feet, and the letigUi over all 3T feet. 

The individuid coiitroi is the series-parallel bridge met hot!, wiLli 
cesislaiu'^! variation, the grouping of motors varying from four in 
series to four in multiple, and current is taken front the iinder- 
contiifl rail by tiide-extRnding spring flipper shoes. 

The exigencies of service are resimmdbk for a recent remarkable 
t4?sit. ^ On April 26 the Lake Shore Limited, north bound, consisting 
of nine heavy Pullman cars haiiletl hy a Ceiitral-Athuitic typo of 
steam locomotive, oiia stopped in tho tmmel under Si.xty-stxl|i street, 
on a 0,a jjcr cent upgrade. Ijecaiise of some mishap to the eii- 
giiifi. Following it was a Iniin of seven standard tiny coaches, sho]!- 
bound and Ivikuled by an eleetnc locomotive, which promptly coupled 
on 1.0 the leading train, and without any assistance fi'nin tlie stenm 
ka^nmotive, wliiuu was dead, stjirted the entire h«id of sixteen cars 
and two h]coniotive.s, weighing nearly 1,000 tons, witli good Hci'elcr- 
ation, and tntide the run up a 1.02 per cent grade, a half-mile long, at 

satisfactiini’si>eeil rtiid w'ithout diffii'ijity. 

■■nip New y^>t‘k Central etjiiipment Inw la?en dovelofsnl under exim- 
nrdinai’iiy difficult cimiiiiistiiinjes, but nhvatly 305 train Junvcrniuita, 
ivpn»senling«e percent of the present total €>f the New York Centra] 
and Ilurleui Li'auis, both loeooiotive-dmwu and multiple-uuit, are 
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aiiorfitcfl plcctTicallF. The np^rej^te tlclaj luis becji Ifcsa than with 
the old ^eam per vice, a twcl ]sarticularly iiotitTeiiblc In limes of snow- 
stiinns. The mBin Ktalion output for tw^enly-four hotirs hi but hIkjhI 
G5,000 kilrnvELit hoiirs^ jind when the Imlterie^ are iti .servii^e but one 
steazii iiiiil rer|iTired at time of maKimiiin loud, 

I’ho Now TIavtfO alternating current-dlm't current ioeomotlve, 
Iniilt b 3 " the IW^sLiii^cjiis* Electric and MEmufitctiirin^ Compnin^ is 
Ilf the two-axle free ho'^ie type, the bo^jies pivoted under mid 

tnuisiiiiLl mg their oCTort Ihmiigh the frame which rarrle^^ the tjoh, in 
which are mounted the tratiHfoniierH, lilowerst rlieobtata and con¬ 
trollers (pi, u), (In each truck uiv inoiitiicd two 5pring-ijupi>c>rted 
motorsT each couiplem vrithin itself. The urmatiirca ore rarrieii on 
Uniilsn torminiiling in ppidet^ at each end, which nngiige eooetilricuily 
Wfiuhd Kpringp hudtjsod in ^aickels in the main rlriverti. 

The rigid wheel huso is 8 feet, the tcjtal wlu'el base iiit feet, and tiic 
length over nil feet. The weight of the locomotive is tons^ 1 liv¬ 
ing liccn i*aiscti const deni bly over early exf^Knations, !l has an 
hour rating, on the n^ual standLinb of 1.000 horsepower when oper¬ 
ated ttl 25 cj^eles. hut is et^uipijcd with blowers to raise the averago 
i^pacity. It is intcndtKl to hamlie a 20(>-lon trailing load at scheduiOf 
with .some mEirgiii of pcrforiuani^. 

Althoug}i built priEuarily for oiierating diii-ctly from 11,0(10-volt 
siiiglc-plia^ie altermiLing ctirrent, ihcse lorornotivcs must operate ids^o 
from tlie (ioO-vcill direct current while on the I furl cm tracks. They, 
thereffpre, hnvc additional ttmtml provision, and liesiiles the doiible- 
prvntogi-aph collectors, have rontitet shoes, tliost* on (he side laiing 
arninged for lifting hy air pressure on iiccqunt of linitleil cleaviince-S 
on El part, of the rniu 

d’ljc motor urmattires itix- wound for operation jit ii normal inaxi- 
mum of id tout 2oC vnhs^ and hence arc cion tier (ed in jjormiinent series 
of twiP. ivhili’ ilie lich] circuits art' arraiigi'd for each pair of iiisktors 
in 11 Nt^pamte gix>iip^ and for ^rics-parcillel grouping indcpenilenllj 
of ihcarmaturt^ ce ran its, to prEjvUlc for the varjdngflux in alternating- 
current ami rlirect-currenl opernlinn. Of ctmi^, the iwo motor 
gmiips can \tc connected for siTii^s-pnrallel opcnilion with tliix^ct- 
ciimiLt snpplj , hut vviih the disjidvuntage of using about double tbe 
amriun! of current at slow sjieeds ihiLt is reijiiired when four iiiotora, 
each wound for the full pf>leuliak are in series. 

1'ho tirst of these machines, pulling a short train, nmile entry into 
the <lnmd Cenlnil Station on Afay IK 1^)7^ ^tnd in a short time tlie 
operation id ec|ulpmciit should !h* tmder service tes^t. 

Til fjrder tocombiiic Ilia porisibility of siiigle^phase iiHcrTuiting-cur- 
reiit current iransmifirioii /it higli voltage Ijy uverlieiid trolley, and the 
iriLf|iiestb>m*il advantage.^ of the dircct-coneEit nioror. it Ims several 
tifim Ijcifii i^ropcevetl to iiuroiluce ijel^veen the line saipply and the 
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motors 


II 


motor-g^^nenitor ronijirisin^ iiii iiKliiction motor tnkiriif 

oiirm-Qt dinsctly tnmi 
tli« line^ and driving a 
cfmtiiiuoii^-ciin'i?nt gm- 
ctrator to PTiipply tha 
motora, thia converting 
apt Irtiing cnrrtcd in the 
iniliu cab, With pmvj^ 
stem made for the os- 
tm weight by bogii' 
tnicks at each end, or 
in tin independent ten 
der taking the plat'e of 
the steam tender in es- 
&aiii practice 
Of eoiii™ 
tne intTfjfdiiction 
of 11 moving aniistation 
individual to the loco¬ 
motive which is oper¬ 
ated by it, ami makes 
the latter suh|eet in all 
the idio^nicrasii^ of 
the intermediate itppa- 
rmtua. besides lapng up 
nn enomioiialy expen¬ 
sive machine in of 
imy spec] 111 trouble. 
Where the motor-gen¬ 
erator is carried in 
a sepRraie tender, this 
disablement only etits 
out a part of t he equip¬ 
ment, which c?an fw rc- 
plaml by ariother like 
part* hut in any case it is 
debatable whet her such 
11 mo’idiig substation 
offers any iidvaiitnge 
over the stationary one* 
Some titup since 1 
made a very careful iu- 
vcwtigatioii of the pos¬ 
sibilities of direct-ciir- 


3 

4 


rent ^arlofis and gear(<d mntor> {fig, 6), thp former of the bipotiir 
type, for identicolly the snme serrice, h very severe one. 
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BotK umctiirie^ are of lin5 fonr>iixli? bo^^iistriif.fc tlip trucks 

Inking linkerl t.oj^cllion Tin- gciircd kicoriujtivc weifrhs03 tons tind the 
gpjide^ tons, but tlie iveifiht per axle is well ivitliin the usual 
allowance. On each truck ore four motoi^, connected two in series^ 
to lie openited at a maximum line potent ihI of UT>dO volti^^i. The 
geni'ctl motor construction in of the UHital stantliird. but Rttoil ^vllli 
cotiiiziutatmg pole?^ while the gearles^s uuicluue has modified bipolar 
motors of the New York Central type. 

A compnrisciti of the efficiency curves of the two machines is inter¬ 
esting, tliese showing for each from S7 to 8S per cent on a five-hour 
load, niid falling only to per cent with 50 per cent increa5sc. while 
XIt half this load the cflicieney of ilie gearlej^ machine is nnich higher 
than that of the gctireJ. Some ade^piate idea of the capacity of iho 
pearless machine nniy be gitttiercd from a ^aatement that it will main¬ 
tain Q drawbar pull of nearly 25,000 pounds iti tt gooi] rate of 
speed for several liour^s continTionsly* arid with nntnnd veiitilaiioin 
These extraordinoiy chiiTncteristi^*^ wouhl, for the cln>is of service fur 
which these tnaclnncs were considered, aniphv warrant the additional 
weight because of the simplicity of the gearless machine. 

A Vi^ry piximisiuj^ ty|ie of machine (fig. 7), emborlying innny of 
the good feitlures of those which had precei^lcd itt is now linder con¬ 
struction ff^r use either cm dire<“t ciirrvUL cir with a iimtor-gcneratur 
set supplied from an idteniating-current trolley. This machine ia 
of tlie four-axle fiee iMpgie tyiie* the dvnwliar pull Iwing taken thniugh 
the main fnime. On caeffi truck* and forming an iiitegral part with 
it^ are two l>ip€ilur geafless motors driving the ndddJe pair of aslcsj 
and Ot either end of each tnmk is a pair of lending wheels of smaller 
din meter, which have a limited, spring-rt^isted side play. The nor¬ 
mal wheel base of each truck is 12 feet, the total wheel l>ase 32 feet, 
and the length over nil feet. This mnehiue should 1 >b cnpiibk of 
an almost nnmutohed Hpoe<] and frta’doiu in following irregular cuna- 
ttires, and with special ease of truck appruach. 

The various locomotives thus briefly described ai-e but a fnictiDn 
of those projxjsed by various makers to fit particular comlLtlmis and 
types of apparatas. Their rotiHintciion does not, in many purticuhi 
meet the prt^onreived ideas of t^ouie fitejirii-bxamiotive biiilderH, with 
whom It high center of gravity and all the welghi ptJssible carried on 
springs is H rfiiTlinal priiuuple* and a very roiTect one when we con¬ 
sider the niXHUSsilies of the steam Incomotive. The ek-t:tric kx^cunotlve 
has u lower center of gravity, that of the New York Central miichine 
being about 44 inchisJt the New Haven 51. and the Gativl probably 
somewhat higher, while that of the steani kicouiotive is sf>metimes 
as high us T3 inches. The electric machine, tlieiiefore* will have less 
tendency to topple over, but a greater resultant side pressure in caas 
of irregularity of track when entering a enr^'es or rimning on an 
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irrt-giihir tnirk* Hiifcii rivsik n hirj^r ]WTlif>n of ivLins^ weight hools 
over iu\i\ iiiL-i'eaLsew tlte vviiifal pryj^tire un the nul. t'lirefiil iavcoii- 
gAtinji, hfiwyver^ cnirietl on thmn|jh in tiny jMiurtTH* s^niis to inclicttle 
rhflr el«'trie motors [>roj)er|y guided imy mrre^is^ed tendency to 
side thrust k more th^iii t?tiii>pei]^itGd for by ccrtnin other udvnii- 
tage.s* * * * 

Train mnhvt and opemti&tt, —KestrietJun of operation in an elec¬ 
tric sysLe.in to nielboJs Itx vogue with wtifam operation would be a 
iiseliws t blowing iiway of one of the greatest possibilities of improve’- 
ineiit in tmin nperatioli where pas^wnger i^erviee ia heavy and lerminal 
facilities congested. Ten years ugo I inatigiirated on the Sontti Side 
Klevated of Chicago a new sj'steni of train control, w'hich permitted 
the aggregation into trains of any iiimilm' of indej>eiidently equippial 
motor <^irs, and tlca*ci cars if desired, and their control from either 
end of any enr^ irrespc^ctive of train make-up. Thb syatem^ noiv 
known the world over as the ” aiultiple-uuit(fig, G)* has made 
such advance that it is now gonei’^tlly recognised and adopted us the 
best melhotl of haiuliiiig truins w^herever service is crowded and high 
scliei]tiles jire required. 

The essential result nerfimpiished hy this sj'stem is increase of 
capacity, by pmviding high power equipments, proportional to the 
length of die trniiu increui^d tschetlulea and density of ti^Qin move- 
men tj the lowest maxi mu in speeds for any given schednle Hiiinkrity 
of equipment, reel need switch Jug and signal movements, increased 
safety, and gene rally the iittno.^t iiidependencc und facility of opera- 
tioiu ’^^niatever tentiitive plans may for the present be "adopted, I 
believe that it is inevitable that- all local and suburban [lU'wcuger 
service on electrically equip{>ed niLhvays retpiiring train operation 
will he evetitually conducted on the iniiltiple-iinit. plan, and its use 
will spread over a c^intiniuilly increasing area, even to (he oijeration 
of pflsinger cum run over divisions of cotofiderable length* 

Si&rn{/e JHittrrit'ff, — 1'lie iLse of (he storage hatteiy in connection 
with electric railway oiieration is a proposal concerning which much 
may lie said, fur and against, depending largely upon what value one 
attaches to restriction of peak loads on moving iiuichinery and to in- 
surauce, I'hut it Iuih tjceii and is being used successfully iu ctmnec- 
lion with direct-curreni equipiuent of moderato jwteiitial admitti of 
no dispute, and it luis licen stated tlud it h equally avuikhle for 
alternating-cuTTent instalkiiojis. This latter claim'is misleading. 
On direct-current systems the prineipul function of a battery ia 
that of an wpializer. If Installed at a cctitml or substation it h 
usuEil to provide boosters to govern the charging and discharging. 
Ttit^.% hovicver. are only of diiferciitial watt cajjaidtiL and w'hile they 
are necessary- for regulation, it is perfectly po^iblc to use the battery 
in some emergencies by direct connection with the line. 
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With suj iiiienmtin|r-eiirri?i^t ^v%stoiij, i.\iv lm(tc?ry at « sulMiiiit^ji 
pliiys 3111 i-ntirely tliffmiu lolk*. It initst by u Jireot-ctii-- 

Tonl sjtnMnitor ihivt«n by un iiltiM'jmtiii^-<niiTt?iit niiil in tliH- 

cbiir-^^iug ilvivtw thi:' iilhTOatiiif^-currciit motor as a il_\Tiaiiio thron^li 
Iht ilireet-ourruni gcrKTiitor iis a iiiutorp Tn additiou lo thi^ 

intrtxloetioo of moving machiispry in an ttltertLuting-currpnt .siib- 
[^tatioHt its watt iii|jiidty nntst i^ituiI to that of the full di^-'horge 
of tlio buttery, und the latter can no function in biipplylng 
ctnrent to the working conductor except through the tnerHnm of two 
rotutiiLg muchine^ of large capacity^ 

Csv of Ah'p-f4j> ({fi/f ^trp^hncn froii^formcm *—Where the dLstuncO 
is not giiiot, US on the present propct^eil liniited operation of the 
Ne^v 11 liven road, bolli >(ep-np amil step-down transformers luive 
been omit ted, and the lljOOfJ-vnlt trolley line is snpplieil from the 
station switobhoard. This men ns direct connection Inutiiveen tin ex- 
tendeil system of overhead ^vorkiiig condiictoi^- and generators op¬ 
erated at idgh potentijiL with one side grounded, with, of course, 
whatever protection lightning arreeiters can jrrovide. Such are the 
vagaries of lightning and the uncortainty of the very best arrosters^, 
that I cannot but feel that this practice, which subjects costly gen- 
onitiiig etpiipment^ to dii^ct^t lightning attack and special groimding 
stresH^ will not obtain to any grml cxtciu; for the possibility of lay¬ 
ing up a eonipb^te uni I of gei^at capacity, siesim engine im well tut 
gencnilor, beraust' of a lightning llush or accidental ground, is too 
grent a i>enalty to pay for eliminating transformers, and is a special 
handicap upon the pc3cssihilitif?s of tranf^mi-ssion, 

It is certain lliat j^tandardization should be directed to the con- 
stniction of generatons. Any material increase of fKilenfiJtl alinve 
that now common means reduced tiapsicity and efficiency, increased 
danger of hreaktlown, and greatly increases individual iTist, to say 
nothing of the capitalized risk of failure. Quite aside frfim ihe 
question of cost and rlficiene 3 ^ air ctKilingt the only |>o^ilde TuetlKwi 
for gc'nrrator^^ nianife.stly cannot be safely carried 4 iIh>vp that which 
m tolerable for static transformers, which, when wound for the higher 
potent ijils, lire invai laldy nibcoole<l. Therefore 1 expect to .sec stand¬ 
ardization of geneiatur potentials, the pressure Ixring Kleppcn] |,p by 
trunsfonners to whatever transmission potential is necessary, aind 
then stepped down to the working iiressure on the trolley wire if 
cdtermiting curn*iit Im? usocl, or to a lower pressure ami converted if 
direct current Tw nsi»d. 

Tlie transformer, per se, h the simplest and most flexible device for 
changing ultermiting-riirpent volume iind pressure, and Its moderate 
cost and high efficiency,, tiiken in connetdioii with the like elements of 
moderately high potential generators, will leave the total cost and 
efficiency of generating equipment roughly the same. There will be 
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the adtliHl very preai pnujtinil nch'nnln^ Unit I he ^'pnemtors not 
imly work ul lower potenlinla, but on fiojicd tiielnllie rirt'uitH, ore 
reiiitivet] fmrjj direet rontiut with workhii? ijonductiirfi wild eiirtb. miri 
have interposed lictween llieai «tid the line id least one set of static 
IriirjsfonnerH, whkJi pmetieal i>x|wrietice has shown to Iw one of the 
l»est fjwimtor safepjnrds apiinst li»htjiin|r, and wldclv, if broken 
down, do not involve Jarpu and costly units nor wholesale fuicrihci' of 
capacity on rouds where the adoption of electricity is ivarruiitL'd, 

Grncml coni cornparUon &f din'rt-current and singJf-phafm (dt^r- 
natm^-ettrrent 9tisti:7nst ^—T have made many cumparative analyses, 
involving millions of dollarf;, and T have found that where et|Uiil 
pcnuunencc of iiistallalioii is pi-ovided for, and equal idtiimite ns well 
lu! avernffi' duty, there is not on demonsstrated fnets a wide variation 
in the initial cni^l nf plant. 

Ordiiiurily. the si|pial systems used on railroads will have in Iw 
clnin^.'ed at iiimsidenible cost Fortunately, methods Imve Ijeeii de* 
velnjitd whleh permit the use of all the rails for the main return 
circuit by iLsltijf a speeiaJ alteniiitini'-e.urreat circuit for oiwratini; 
the slfriinls. ^Vliere tho tracks are used for direct-ciirrenl relum, 
react a nee lainds are itiserted wbieh permit the flow nf the dinst 
current, but resist that of the altematiug signal cuirent. Where 
the tracks are used for altertiating'Ciirrent operation, and are like¬ 
wise subject to the flow of direct eiiiTeiits, the signals must lie opt^r* 
ated by alternating eiirrents of high frequency through a]>paratus 
whici) is inojMiralive to curreuts of low frequency or to continuous 
currents. 

Field <tf the «nyfe-pA(Mw dItematmff-eHrnfnt motor.—Tt would be 
idle to deny, and I haiT no wish to ladittle the goiKl work done and 
tlii> results achieved in the development of the single-phase motor, 
just as it would lie equally iiinvise to ignore what has Iwen done in 
polyphase and direct-current work. It seems to me that the juvsent 
principal field of usefidncHS of rlie single-phase system is oil roads uf 
considerable e-Vtent which operate an irregular and spar.-!e lratlin, and 
where only ii motierately expetLSivc, or uhat may be called a sccond- 
elass overhead ctiiuflruetion. which will keep down the ratio of line 
investment to that of the Imlnnee of ecpiipment, is tolerable. As one 
departs from this coiidilioi], adojits more |>erinanent <?onstriictioa, 
and facta the problems of demstr traflics and higher capacities, anv 
advantajp- of the single-phase system disnpi>ear, and the superiority 
of the direct-current equipnicnt, ivhh such improvements us an* in 
sight, becomes manlfesL But whatever may he the future of single- 
phase operation under the conditions stated, any present claim for it 
ns the preferable equipment for congested service dcmuudlng high 
schedules and great capacity ia not worth a moments thought, for in 
ihLs field it can not touch the direct-cuiTPnt system. 




Srr.JtliMriltn R^pwi, l^P7— 



New York Ccf^tr^l Muutiple-Uwft Traw, 
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In let me agiiin neniind you of the probability, nay 

taiuLy, thal there is at pi:vseiit no smgle sj'steiii whiLii cuari be selectiKl 
as best for all purposes* buU rutlier* that a wide aud mereasiug uso of 
each will be crentwl^ and in the miijority of cases a compron^ise 
tion of the btsi^l ektuenU of ftltemaliiig and direct current practice 
will obtuiiL 

While there are many things in railroading whkb have lieort atnnd- 
ardke^K and others which can now very properly be^ and which of 
themselves do not militate against tlie indejiendent juilgment of 
operating railway officials in matters individual to their own systems^ 
1 think it is certain that these same officials mil in the future^ as in the 
past* consider the problems involved in o change of motive power from 
sh^ain to electricity from an individual standpi>int, and that they will 
demand fn>m manufacturers* as well a^ from their engineti^rs, all 
jiossible freedom from restrieton^ csctcising in a large mea-^ire their 
own jiidgnient os to the adoptUui of any s^yfstem^ T see no practical 
necc^ty to formulate concliisinns by averaging conditiemi^ ooid I can 
not conceive the responsible officers of any trunk-line road Ix^ing 
guided in their determination of what seems best for their fiwn 
rerpiireuients by consideration of what some road thousands of miles 
removed in location^ und enormously ditfering in operating etmdiiions 
may do. 

In any case^ the most satisfactory will In? that one which 

will permit of oontinnnuH all-round opemtinn undi^r such conditions 
as will utilize to the utmost all the benefidsil features of electric 
application- If any one system ran be derpon-Hlrated to meet these 
conditions better tlian all otliers^ then that system will lieotjine |>re- 
eminent* no matter wdmt standards may have been adopted or recom- 
mendedt and no matter what our j^recoiiccived prejudices may be. 








]iKCENT CXJXTlUBimOXS TO ELECTKIC WAA^E 
TELEGRAPHY.- 


By J. .V. Fuaiiwi), M. A* *. D. Sr.. F* R. H, II. U. 1., 
i^cnder fru/csjiftr of Kluctrft^f Etiffim'rrinff In the I7nlrrr»ttj/ of /iUhcIon. 


TliL* Acdiiovenient^ imd pc^biUtien of teliiigTapliy iiAve not 

yvX L-tAjiti] to iiltorffst ilw public oiindH In less than ten yuiirs ivom 
tbc prncticnl inceptkinof thiit form of it conducted by cloctrio 
ii Ima ilcveloi>pd into an implement of imnionsa itiiporfaricc In njn*ai 
'ivnrfjm? iukJ maneiivc*i:^ It has provided a means of eonimunicatiou 
betwet^n ship and sliore which hm added greatly to the ^fety of life 
□iid prt>[wrty at sea. It Uiih ho far altered the eonditiuns of ocean 
travel that great pasi^enger linerHt ^ieparateil by vast distunct^ts mi 
stormy ^]>eak lo eadi father thnnigli the etiier with far-reaching 
voices^^ aiul »re never luit of touch with land during the whole of 
their voyage from port to poll. 

Von are doubtless aware (hot it is now tlie nsnal thing for an 
Atlantic liner, equip|^ with long distance receivin-s, to be in tom- 
nmiijcatiuii with eiilier Mie Marconi stations at Foldbii in Engl ami 
or f^lifdtn in Ireland, and that at Cajse CimI in the United States 
throughout the voyage, and at the same time to exchange ines.sagi^s 
not only with the other nliore Nations when passing, but with u score 
or so of sister vi^ssels iliirlng tJie journey,*^ 

On luiurd inany of the Cunqrd iinors smalJ daily newspapei's arc 
published containing the latent news of the day sent by wireless 
telegraphy from both coasts. 

Even' imjxirtant navy in tlie world has now adopted it in some 
f(>nii as an indispensable means of communitatiom In our own rnivy, 

^ leaner n^nU Ipofon^ iLe Hf>yal lustItutIon of iltmi nrltalii m Ha weekly cvea- 
hij; Fridayp Stay 24, lik^. Rer>rlntn|, hy penDlsaiqii, fmm the TnniHic^ 

ilotiK <if tlie ftoyal loHtttatlon. 

*TLe Cuuard llaer /^Nraam, wUlcli arrlvL'd Man.'li l90Tp at UvctimmiI fnnn 
^’ew York, rerNjrtwl Hmt p]io was. Wlien in mid-Atlantic, la caiuuiuaJcatlna by 
wtrelesf^ tek»tarajihy wltlj PolilLu, In Cornwall, and Cape tn tke tlnltwl 
f^|atL4^, at tlit=! Mime time, ruirta.e llie vo^^bh alie aixike w|ib tklrty-tw^o Nortli 
AtInntU- sEHinici^ and wJtli twauty-f'^nr wf ilie^se idie liad wlmk-*t cr>aiuiiiirb 
CUtiOD# 
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Admiral Sir Ili^nry Jatkson, to whoin f li® coiintr>' la so much indcbtwl 
in this matter, informs me that ererr shijj above tlu* size of a torptnlo 
Jxmt i« or will soon 1w fitted. Ijarg® battle s1iip>.s carry fairly liiglii' 
power tmnsmilters for long-distance wni k. The AdiitiAiIiy aiv satis¬ 
fied that thk mctiKMl of signaling is ttf the gmitesf titiUly. and there 
is no neeil to remind you of the evideneit of this furjiishcd in the re¬ 
cent Hiii^^-Jajmnese war. Jfo modern liner or large passeugcr vessel 
is now complete without li wireless telegraph equipment, and an 
elaboralelv oi-ganizcd system of txnunumieatioii has Ix'on creatcsl by 
the Mnmmi C€nii)aiiy in coiinectioji with thi.s marine telegraphy. 

Concurrently with this practical developmeot of the art, iiiticli 
scientific inveatlgatioii has Ixen conducted, having for its object the 
elucidation and iiieasiirciirtcnt of the varimia physical openitioiis iii- 
voIvxhJ. as well as further impmvciiiunl. There comes a time iii the 
history of every applied science when the iibilitr to measure precisely 
the effects concerned is a oondition of further (wogress. It la iIjLs 
^ ^ alone which enables us t<» tcft our 

/*'" th(>ories, or hold in leash bmrty 

/ >•'*"* ^ opinions as tf> the poasibiliti^ O'f 

I / /" TX \ ‘t invejjtic}n. 

I I / \ i «»nsidcring, then, during the 

present hour wme of liie reotait 
(.'uiitribiitiona to this now telegra¬ 
phy, we may pay « mrunent 's al¬ 
ien! ion to tho nature of the things 
or effe<'ls in it which can la? rnens- 
iiml. An essential element in all 
electric wave telegraphy is the elevatc^f iiisulatcil wire or wires 
railed tfic niitenuu, in which high fntjnency elecrtric currents are 
-set lip, and from which the electric wave* radiate. Consider n long 
vertical wire, insulated completely from the earth ami charged 
with electricity. (Sci.> fig. 1.) There must --».tiiewheiv on the 
siirfare «^f the earth near by a cimrge of opposite stgii. If the wire 
is negatively cliarged, then, on its surface, there is, acoirdiiig to 
modem views, an excess of negative ions nr electrons, and on'Uie 
gioniid surface round the wine there is a defieienev. that is, them 
is a positive charge, furthermore, in the interspace around the 
there is a state of strain of some kind distributed along certain ciirvci 
hues, commonly c-ailed lines of electric force. From one point of view 
these lines nuiy be regarded simply as a convenient mode of dcUne- 
ating the direction of the strain, having not more matcriul realitv 
than lines of latitude smd longitude. Them are, however, some rea^ 
.sons for considering that they do possess ,i„ arfiial phvsiml csistenw, 
and that they am a necessary part of the uiwhauism of utoins and 
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Thfy liavi^ u strong resemblance in many ways to the 
vorlic?cs or vortex lines, which can Iw cmited in a lluiiL Morecn-er, 
]utd it.H vortex linos hi a fluid can tie self-clco^d or endlM, or oL^ 
teriiiinDte in littlti whirlpools on the free surface of the liquid, ho litios 
of electric forge can fonn either closed Ioo[M 3, or else have their cticls 
teiiuinating on opposite charges of elecTricityi that is, on uii clegtmn 
at one end and the po^dtive charge of an atonij whatever that imiy he, 
ai tlie other ciuh SupiMisc* then, that the rod is smklenly taamected 
to the oartli at ilie liottoin end hy allowing it to spark to the earth. 

eha'trin charge rrinhes out, that tlie or deficit of elcctR’itis 

on ilfs ^^urfiice diHappearH. and tltis tiiovcniEuii of electricity coiLstiiutes 
an idccfrii: cumnit (lou iiig into or out of the naj from the cartli. The 
idci Irons, hoivever, possess inertia tir mai^i. hrnci^ when they rush out 
of the rcKl into the earth they not only discharge it, but overdo itn^ and 
leave the rod wilh a [Mjsitive charge. They then rush hack again, and 
the jircKXJSs rei>oflts itsel f^ and we thus obtain a rapid ebb and How of 
eiecLricity into and out of the wire, callecl a seri^Ls of electric osciUu- 
tioius. Each nisli, howevei't is 
feelder than the last, and thei^- 
fore the oscillations decay 
away or* a^ it is termed^ are 
danq^edn The energj’ repre¬ 
sented liy the itiilial charge is 
frittered iiwny, partly owing to 
coilisions of the electrons and 
uLoms in the ixpcl and spark dur¬ 
ing the iiiovenient, and partly 
liet^ause the electron radiates or conTmuideates its kinetic energy to 
the me<]iiitu when it is afan^lemtcd nr reinrrlerL 

have next to attend t<i the effects taking place outside the rod 
or nntenna. As the negative charge disappears fmrii the red owing 
to the reini>v:d of the excels of free electrons fn>in its siirfnre tlie ends 
of the lines of ele<nric' forc'e which abut on it and streteh IjetWiHin it 
anil iJje earth glide doiivnwarils along the rf>d uinl end by forming n 
seniikaip of electric force or strain with its ends or feet r^^sting on 
the earth. (See fig. %) This arh»ea from the facts that the lines of 










FKL S.—mawil Ic rvpr^^ntattaq of ttK- 
^^tachmi'Dt of ■rmliogliH or f*^T«lric itrnSo 
ftoVEi i. sltDtil? MurroDl iiali'CLaB. 


‘"r/, Fsinidiiy. lixiH‘rtiJnpatnl llfis^efirclieii iti Kieclrlcltj'/' Vol. Ill, f^erlcsi 
XX iX. ri'jai, aim '^CJn PUt-slcal of .XJajnit^lJe Force." Farmlriy 

ttjt* f'xnrcKtloii line of fone to rleiiote lUeIr caarii-io ronliir ofl 

4tatlnaiitala.m fmio a mK'n^ lONmiL-trlc^l troiiceptSon. Alh-* In hl^imiw'r. Tboitfrlitrt 
oil Huy PtiEI. Mak., A'r. % Vol. XXVI Jt, ISIU, ]ic Hint Uatit 

niny W a ?ihrnt1i>ii eroiHi^'nUm nhine Hiich of force. See aim J. J. 'OiouiftOD, 
'EEwtrlehy otmI ilaltitr *' for nil lUiriinicaE for llie H'ftlity of Hues 

«f electric force itniwii from tlie lonhatlou of gasen by Uouigcvi mya^ 




1 «B asjtuaIj hefoht smithsoniam ii%' 9 Ti*tx'TioN, liar. 

foirp oxcrcise a ki^inl on tach other, whilst lenpthwiiys they 

arc ii) a stiUe uf tctminn. nnd iiLio thiit lines of electric stinio can not 
exist iiLsirle n conductor such hs a spark. Hence vrlien the spark 
happens^ the lines which a inoiiient agti slretcUed ncross the spjtrk pap 
disappear. There is then an ujibulanceil pressure on the remaining 
lines which arti thus st|iieeAed in toward the gap and ileforiiKsl, sf> 
that (hey finally extend, not frf.iii rfid to earth, hut fmrn two adjacent 
places on the earth and form a .wmiloop. 

But, as abttve explained, the nal dues not simply become discharged. 
Ow'ing to llic inertia of the electrons when they i-usli out, they Jiiore 
than discharge tliertRl, they overdo it nnd leave it pusiiively c'harged. 
This, then, implies that a fresh system uf lines of cha-tric force grows 
up between the earth und thq rod, and llie first foriued set of somi- 
Ioo|>s is jmsher] outward. Then the process is i'cju'at^al as ihf* oscilla¬ 
tions of the electrons in and out of the rod die nwuy. and in the 

sput-e around wo luvve u Hj'steui ot semi- 
Irjops elertric fc>n*e pualicfl out- 

Wind ill evi-iy climflitni ns uliown in i\w 
diiigniDi Lij fig* 2*" 

Tilers \Sy JiDWever^ uucilhpr factor in- 
volved in the process. The movemetil of 
the electrons into and out of the rod 
ctmstitules iin alternating'electric current 
and this is atjcompanied by the proiluction 
of an ullemating magnetic held, llie di¬ 
rection eif which is ri'preseiited by a sys- 
teni of ccmcentric eirciea with their cen¬ 
ters uh the antenim {see fig. 31. When 
the current in the md is revensjtl in diroc- 
lion, the field is tint reverbed at all parts of space instnntaneousfy, luit. 
the reversal is propaputed outward witli the sjiecd of light. .VccorJ- 
ingly, Uie electric osciUatioiLs iu the antenna create iwriodic variations 
of niAgneltc fnree and electric force in the space outside. .\t points 
near the earth's surface some way fi-oni tin; riul the magnetic force in 
parallel to, and tlie electric force piu'i^endiciihir to the surface of 
the earth or sea. Experience shows that electric wave felegraphy 

• Iu nsferrliis to llaes or linullaatis of electric fopwi as morltie tbroiiifli siww. 
we do not m«-cfwirllr tnnn to ImiUy tlint each Mae Is ennunrJitd ao tbat it 
preservrti au ImllvIiIUBl (.imtltjr. Ail llmt ftctnall,- liarrsiiB at aar mlnr m 
tbe nebl Is a perKsHe i^'lJIatlon or cycllwl ctiniige in ill.. rirc(ri(. „„d iiuiBnriic 
fonsiut ilmt point. This, tiow«wt'r. Is rv|ioiitcd aiaMicssIvtrlj? from point m noint. 
and we may hrace stioak of tl... line of ferat as iimvlnj: furwani Jnst as ive 
apnnlr .if a mirfatv wiit.-r wave aw.vjnj: farwanS. whea in reality Ike only inovc- 
lucat la llu* latter case is a sauilt up and lUtwn moflou of Hie water nt each 
place, or at least a circular toation of iio vwj’ (.retit mitcDt. 


1 
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over noj large distances cun not be comluctetl nnlpjw tlie antcmm in 
BO placed that the electric force is perpendicular to the surface of the 
earth or sea. 


At any distance from the antenna, and at any one spot, the tuagnetic 
an<l electric forces urc ilierefott; jKiiodically varying in magnitude, 
and owing to the finite rate of propagation of the forces through 
space we find that at rertain etiulspaced intervals these forces are 
siinilurly reversed in direction at the same instant. 

\Mieti We ETpeak of tlie length of the electric waves we mean the 
sliurtest distance which separates two ndjacent places at tvhicli either 
the electric or magnetic force reverses direction in the smue way at 
the same instant. In wireless teiegraphv the length of waves em¬ 
ployed n)ay vat>' from 200 to 300 fwt to many tlioasands of feet or 
wvcral miles. Tlie iletermijiation of this wave length Ls a practically 
important matter, and aeconlingly inslruments have l>cen designed 
specially for its meusiiremeiit hy Ddnitz, by Professor Slaby, and by 
me. I have ventured to name my own appliance for metuiuring long 
electric wave lengths, a ct/nitimeUr* The imiiortancc of (he measure¬ 
ment is ns follows: We know that the proiierties of short electric 
waves constituting light and radiant heat depend upon their wave 
length, and that some bodies are opaque to light waves but trans¬ 
parent to heat waves. So in the case of the much longer ether or 
Glet:tric warn used in telegraphy, the ease with which they puss 
through buildings. forests imd even monntuins or cliffs, or round the 
earth's curved surface is determined by their wave length. VVat-es of 
one or two huudml feet in length are considerably obstructed bv the 
closely packed houses in a town, Imt much longi‘r wavas go e*asily 
through them. The measurement of the wave length is made to de¬ 
pend ufjon the fact that there is a simple relation between ihe velocity 
of these waves (which is the same as that of light!, the iH-riodie time 
<11 the o.^iU(ttions in the antenna, and the w'ave length as e.ypressed 
l>y tile formula tvave fenfftfi = relocff t/ X /wrjWic lime. Since the 
velocity' is nearly 1,000 million feet per second, the wai.'c length in feet 
is easily found, when we know the time period of the oscllIatioDS in 
the antenna. I’liis la-Tt. quantity can Ije found by placing near to the 
antenna a circuit in which secondary electric oscillations ran Isj 
sympathetically induced by those in the antenna. For tlihj purpose 
we inu.rt have a circuit which possesses the two qualities of rapacity 
and indiietiince. This is scciiretl by joining in series some fm™ of 
I^ytlen jar or condenser and some form of spiral wave or inductance. 
Moreover, we must have the means of varying this capacity and in¬ 
ch ictanra, so as to liring the cymometer circuit into tune, as it is coiled. 


"See rw. Itor Vol. I„X.Y1V-. p. m, lOOn, Oa dll tnrtniniddt far tha 

i^auremeiit ef Uie r^nli of Elretrlc Warea .Also PJilL Mag., Jime, 

iflOO, da the Apptlfmtltnis gf the CyiEouieter. 
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with tli^? a:nt^Tiiia. Every such circuit containing cftj>acity and inditct- 
aDcc has a tiatuml period of tlectrk osetUation, resembling in this 
sieMjiect liie time of swing of a mechiinicnl system comixJ^id of u heavy 
body siLspeJided by an clastic spring** In iny cymometer the condenser 
part consists of mm to four sliding tiibcSj each mnsifrling of a pair of 
brass tul>es^ separated by an ebonite tube. The outer tubes can slide 
off the inner ones and so vary the capacity* The inductance consists 
of a long spiral of copjwr wire^ and the circuit is conipleteii by a 
thick copper bar. Matter? ar«! ^ arrangt^l that when tho outer tubes 
an* drawn off the inner iulx-s m as to vary th© electrical capacity»tho 
effective imiount of the spiral includeti in the circuit b simiihnneou^^ly 
varied hi eJEiictly the same prniHirtiuin To detertnine when the timo 
period of tlie cymometer circuit is in agreement with Ihui of the 
antenna, J ose a neon vacuum tube. xSome three years ago I found 
tliat sudi a tutfc w'as eictremely seiLsitive to a higli frequency electric 
field, being caused to glow brilliantly when subjected to its action* 

You arc alreatly familiar with the beautiful metbud discovered by 
Sir James Dcwiir for obtaining neon from ntniospLeriu air by the use 
of diaix'oa] at very low tempcmtiirfiSt and tnl>es filled with mrefied 
ueon prepared by his process arc able, as I have diown^ to serve im¬ 
port ant purposes in connection ivith wireless telegraphy. 

In the oj^mometer a neon tube is connected to the opposite coalings 
of the condenser If then the cymometer bar is placed near to the 
lower part of o transmitting antenna, and we slide along tlio outer 
condenser tube, thus varying the capacity and inductance of the in- 
rtrumeni, provided it has a suitable range, a position will Im Iciund in 
which the neon tube glows brightly. The cytuometcr is equipped 
with a ecale which show's for every portion of its handle the corre¬ 
sponding friquency nr time period, and the related wave length, 
lienee the frimplest o]jenition, which a child cun perform, serves to dc- 
taoiiine in one ini^tant the fref|uency of the oscillntions in the antenna 
ami the wave-Jenglh of the radiatec] waves. I have devised in>tru- 
inents of tliis type covering tho whole range of wave-length lueasiiro-^ 
nienl from 50 to 100 feet up to ^20,000 feet or more. ,Aji instrumenl 
of the same kind, hut with a more st^nisitive oscillation detector than 
n neon tube, can i>c used to meitsure the W'ave-lengtli of waves i)cing 
revived on the nnieann. The ciTnonieter has other uses %vave- 

length measurement. One of these is to draw a resoimnce etirve and 
thence rt?diicc the rate uf decay of the oficillations in a train and their 
Diiiuber, In a train of o^cilJations the time period occupied hv each 
oscillation, whether of current or potential is the same, but tfm um. 

• If tlie cnpaclly C ff? reckoued as iihual In uilcrnfanidfl, umi tire IndTictniice L 

Id centljuecprfl, lihcu tlie time |>erlod T tJic odeillailou in jflveii by Uje foniiTilB 
T=v^L/50330t)0. 
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plitiides (lie nway in ratio. Rcncp tlie ratio of two succes¬ 

sive tinipUtudrs or oscillations is constatit, and tlie riiUurat lognrilbm 
of this ratio is ciiUed tlio ff^cremenf. Wp can dotermine this decre- 
tnent when wo know tlio fiaiuencv of the oscillations in tho primary 
circuil and the current induced in any secondory oscillation circuit, 
plafed near to the first, when the latter is in exact syntonisni, imd also 
slightly out of syntooism, with the primary. Employing u fonnuld 
of Bjerkiii?s. wo can find the siun of Uie decrements b and d of the 
primary and secondary circuits by the formula 


D + (f_w(i+")^/I^ 

where a is tho current in the secondary circuit when it is timed to a 
fretiueiicT n, and A is the maximum current when tho secondaiy 
circuit i.s t imefl to agree witii the fn-fiuency X of tlm primarj* circuit- 
For this purpose 1 modified the cymometer by including m tho bar 



two fine resistanoo wires, aguin.si one of which tt sensitive tliermo- 
inni'tion of iron and bismuth is attached. This enables me to 
measiirt! tile value of tlie current in the cymometer liar. The process 
of measiiFement is then ns follows : We place the eyniomcteir alongside 
the antenna and slide along the handle slowly, liras altoring its time 
ptTiod or natural fceituency. We observe the current and frequenev, 
am p ot a curie called a resonance eiirvo show'Jng the secondarv 
4ir cymometer current in terms of tlio frequency. (See fig. 4 ) This 
curve rises to a iiia.ximun. value, sometimes very sharidV, the maxi- 
mum eorrosjxindiiig to the condition of exact sj-ntonism ljetween the 
antenna ami cymometer circuits.* From the curve we can detennine 


‘t'Hi'Ptnp of the ^ndarr circuit la sraall, na It la lo the ease of the 
^uwlcr etrvult thea the reaananwf eurte la very oliariJly peaked or riaev 
a Ickly to a OMtXlai|ua when the prluiaiy naclllatloua are feebly ihuorivd, pro- 

vtded alwaya ihat U» “wupUdb” or luulmJ Uiductiuia of the two coneeeted 

circuHit m iimflli, 
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the sum of the de^ifgjiiejits nf the cymometer ami antenna. A second 
esperiraent made w^ith a kiiOAv-n ndditional t^sifistanco inserted in the 
cymometer bar enables us to eliminate the deerement (D) of the 
cynjoiiieUr itself, and thus find that of the unteima alone. Wlien 


rnm^i^ Du&|»4 OHUlitiw 


-- 



tIiidHap«d 

FlQ, Qk 

this is done we know whet percentage endi oscillaiiuu in thn Rntcnnn 
is of the previous one. Suppose we agree that when tlie ascUlations 
have decayed away to 1 ]ier cent of their initial value, the train ’ 
shall be coDsideml to be finished, then another simjde formula 

M=(4.003+D)/2 D enables us 
t4> find the number of complete 
oseiUations M in a train when 
we know' the decrement D.** 
Electric osetNations are cla& 
sified into highly dainped. fee¬ 
bly damped and nnrlnmjHd 
varieties corresponding to few, 
many and infinite oscillutions 
in n train, {See fig, 5.) In 
electric-wave telegrapliy wc 
have various kinds of iransmit- 
ters nr wave-makers which are 
iiitendetl to create these tyt>es of 
oscillation. Tn the first case. If 
we set up an antenna and con¬ 
nect the lower end to one of the spark halls of an induction mil, 
the other being to earth, we have an airangement which produces 
highly damped oscillations and waves. (See fig. B.) Tids is dm* 
to the fact that si nce the capacity of the antenna itself is small, 

* See “TUe muriiiles of lilectrle-W'ave Tek-vraiiby.'* Fliaiii«£, n. 1U7. 



Fbo. 41.—Aalf^nuii (^inlEEliaf: irliikEigl^ ilAniprtl 
Ic1«enpble «l;d<lHe wavus. 
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ih^ whkh cj^ij bci ^uml up in it and Uljerated at eai'h 

^patk dLsrhargn* 12 ^ al^ sumiL at timsi a fradioti of a foot-pound 
or a few foot-potiiids. lienee it is rapidly frittered away by resi^it- 
anre and hi I'a dint lain and the o!$ci1hnion^ are few, say luilf a 
dozen or so, and liiglily thunped. If* however* we fonn an Obfcilla- 
tion cii^cuit mniiisLifi^ of a eoiu]ensier+ iriiluctance and spark 

j^p Wo can store up a larger amount uf energy* aiul Hla'mte this slid* 
derily acrrjss I lie spark gap a I each discharge, (See 7*) If* then, 
these osciUationK are iiinde to induee others in a directly or ijiduc- 
tively coniiectiH] antenna, wo can lllierate the energy as radiatioiu 
and having a larger store to draw ujKiii create longer trains, say of 20 
to 100 more feebly dunii>£Kl oscillations. 

Corresponding to Lhci^ transmitter there are various suit¬ 

able fovins of receiver. With a highly damj>cfl radiator we ninst use 
Home form of w'ave-doteetor, such ns a eohon^r^ which is chief I v af¬ 
fected by llie tirst or niaximiini oscillation, and this must lx» in!?ertwl 
in a receiving circuit wlddi is easily sel in oscillation by « single or 
at most a few clcsotromag- 
netic inipiilscs* On tlie 
other hand, thU renders 
ihe receiver more liable to 
diialiirbance by vagrani 
electric waves due to at¬ 
mospheric electricity, or 
other transmitters if of 
sufficient sti'erigtli. 

If^ how'ever, we employ 
ft fer-bly dani^ied radiator 
emitting long trains of 
waveis, say to fxO waves, 
we can niiike use nf a 
stiff er receiver circuit, 
that IS one containing a 
gfH}d deal of inductance* anti a {letector such as Marconi’s magnetic 
detector, which o|>erat 4 ^ under the uctiofi of feeble hmi oft*rciM?ated 
iind praj^erly timed impulsci^, IVo have ihen the advantage tlml the 
receiving cii^cuit enn lie niailc far less simsihle to nori-byntonk or 
isolated impulses unless these arc of extreme violence. 

Again, there are certain forms of detector—sueh as the thermal 
and one of my oivn* to Ijc descrilx^d presetitly'—which arc affected by 
ihc product of the incan*squurt^ value of the oscillations during* a 
train and by iho niituber of tra^|1.‘^ per secomL Hence, in this case 
the effect on hucIi a receiver at a given distance under the aime con¬ 
ditions will he increased by increasing tlie iiiimljer nf traloa of qscil* 
la t ions per second, m well as by diminkhing damping in each iraim 



Flo. I.—AntcDna i-islIOnjf 444nipi.'d tpleeraphle 
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It was thertifore foreseen thnt wo sliould j;^iin some fldvautQ|te by tlio 
use of uncliii’riiX;^ Imlns if some form of elortric nitlialor ooiiltl 1 m! 
found emittliijir waves eotitinimiisly, like I be stejicly note of an orf^iji 
pipe, rnther than sonritls like intenuittent blasts on ii truj]i(>t!t or 
blows on a drum. TJierc ore at leiwt tliree ways in livhk'li these 
undamped osuillaliomi ean ho created. The first is a mecliflnieaJ 
method, vi*, by a bigh-frEqnency alternator. Assumin" wo posseisi 
nti nitemating current ilyiiunio giving a ciirrerit of a siiflicientiy liigli 
fi^K|uency, we can connect cme tcrminnl to earth and the otiier to u, 
radiating antenna, and then on selling the machine in oimrution high- 
fre<|uehcy undamped currents would Ijo cirflleii; in thft antenna, iind 
corresponding waves radiated. To eociirc the best results, it is 
necessary, liowever. to syntonise I he free-time [wrirnl of the imlcrina 
circuit and the nafiinil frtiqueiicy of the alternator. The chief difU- 
ciilty. however, is to coast met a tnndiine which shall give alternating 
currents of suJliciently high fT«]iiency nnd voltage with snllicieiit 
power and current capacity. Sixteen or seventeen years ago I’rof. 
Elihti Thomson and M, Tesla bifllt dynamos giving an atterntiling 
current of 10 amperes at a frecjUfiicy of 10,000 to 15,000, and an 
output of about 1.000 watts. Mr. Diiddell exiubited to the Piiysical 
i^'iety, in April, IDOd, uii alternator capnljlc of n frefiucney of 
120,000, but its power oulpiit was not moi-e than 0.2 wntt. I Lave 
on the table a small alternator made by Jilr. S. G. Brown, giving an 
alternating current having a fnaiueiicy of 12,000, nti E, .\r. h\ of 
2fi volts, and a i>ower of about .'>0 ^vattic Professor Fessenden ha.s 
J*ecenlly given a description of an nltemnlor made for him having n 
fre<piency of 00,000, with an output of 2,'K) watts, ninniiig at a spi^ 
of 10,000 11. P. ]tr,, and giving an E. M, F. of GO volts. .Since steam 
turbines of die Laval ty|3e arc now made to run at 500 revolutions 
a second, it is not difTicult to cotiiitruct an inductor alternator having 
H fr«'qucncy of .50,000 to 100,000. Sucli a type of alleriiutor huii, 
however, alw’nys a large fall in terminal potential ilifferBiice if called 
upon to give out current. For this rea.son, a ty|w of mnehine wit li¬ 
mit iron in the amiaturo is to Ijc preferred, but then it breomes more 
diliicult to halnure tho moving parts for verj' high speeds, In spite 
of stmie attenipLs. the difliculticg of making and driving a hij^i- 
freqiicncy and higli-potentinl altiToator of any considerable output, 
fioy 10 kilowatt sIto, have not yet liecii overtiome. Even if we coulil 
^urc u freijiicncy of .50,000. this corresponds to a wave of 4 inilesi 
in length, and s^icciul anteniia arraiigcuienti^ are necessiirv to radiate 
and receive such waves. Hence the alternator method' of ckctric 
nave production will certainly not siipei'sede thn spark method, 
although in some cases it may Is* piLiclicable and lutefid. 
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III the nc,\t place we have the electric nre rnGthod, to which so much 
atteiition hns lately been directed, employing a continuous current arc 
with u condenser and indiietuuce plncwl in scries across the tenninals 
of Uip arc. As in many other cases, iJie seeds of this invention were 
sown in the form of discoveries by sevei-al workers. In July, 181J2, 
Prof. Etilui Tbonisciri filed a United States Patent Xo. ^OC30, in 
which he profioscd u method for creating Iiigli-frtsjncncy alternating 
currents by eoniKHiting ti condenser and indtictutice to a pair of spark 
balls and this spark gap was also cotitiecicd through Itvn other in- 
ductutiees W'ith a source of conlmuooe current supply such as a stor¬ 
age Iwtti'ry or dynamo, (Sec fig, S.) An air blast or magentic field 
WHS employed to continually exlingiudi the coutimtons current arc 
foriiitHl. The opei'atioti »{ the nirangemcnt was thought to l>c as 
follutvs: TiVhcn the arc is blown out, or before it b formed, the con¬ 
denser is charged by the djTianio.* Wlien the arc is reestablished the 
conduciser is discharged with oscillations. In the hIx>vc s]>Gcificfltion 
nolhingr is said about the use of u continuous current arc between 
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cfirljoii ihAvh. but Profesor Tliomson asserts that oscillations with 
fr<Niucncy up to 50,000 couU Ix" obtnInecL In 1^>00 lit* Diiddell 
slinwed that if ii suitaUle condenser and inductance was shuuied across? 
the poles of a TOtilinuons current arc formed wiili solid carbons, high- 
frwjueiicy alternating currents were set up in the condenser circuit 
and the are emitted a jiitiaSeu] sound, (t^ee %. 1^,) 

A[iu:h discussion subsequently took place UB to the causes of the 
effect and as to tlie fixiqucncy of o^illation it was pofsible to 

secure diis method. Pud dell and others based ihcjt cxpliiiuition 
of the plienoiinmnii nptm the knctwii fact that a sniiill decrease in the 
current through the carbon arc is iiccompanied by an increase in the 

^An liitcreiit[n{; nad nni very dlssEnillat itcvice lias rrccftHy been described 
by Mr. <5,, Ilrewn, He employ a Ji revolvlnj; iiluiiilniin:i wbeeJ 0 |:alDPt wbJcL 
II t‘0|5ih*r Ryirtni; iin'#ise?i Uabtlj. TUe H|>rla,^ adiJ wtieel are eciDa<!ieteil tlirona^ft 
fiU taducbimce aitd n^J^rtain'o with il somreo qf direct ctuTent flUfuab". auU atse 
by Q clrcuSt eoasltnUku cf Lt-ydua jur Jo rterles vrlth a coll nf wlt^. When the 
vrhi^] r^jvolves an arc Sr nirun'^! at Iho Ityme contact, uiid tilt!li-rrwpte 4 iL'y oselUa- 
tlnbK are Bel up In tlie LtydiiU Jar drculL (Sec Thu ElectrieJan, Xoiember 23, 
l\m, VoL LVIIIp [k, gOL> 
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potent iaI didierence of the carbons. The contimiaiiH nre with fioUd 
earbcms was said tlierefore to have a negiitive n«:i^tance.“ 

The explanation of ihe manner in which tiie conlimujiia ciirrcnl 
arc luaintaiti.^ undamped oscillatjoiis in the candeneer circuit is then 
as follows: If a condenser lou! itiiluctance arc shunted across the live* 
the condenser begins to be charged» and this roliy die a re of some 
eurretit, Tliis change* howcTcri raises the potential dilFerencc of tlie 
carlKin poles and the charging of the condenser tberefon^ continues. 
MHien the condenser is full the arc current is again steady, Tlio 
condenser (hen begins to discharg)0 back tlirough itt and this iticrcmiies 
the current throTigli the arc and therefore decreases the potential dif¬ 
ference of the carbons. The condenser therefore continues to dis»- 
charge* The action resembles that by which the vibrations of the 
column of air in an organ pifw controls the lieluivior of the jet of 
air from the mouth which impinges against its lip^ forcing the jet of 
air alternatdy into and outside the organ pipe, and so maintaining 
stotlonar}^ CK^iliations in iL Tlie jet of air from the mouth of the 
pipe trorTcspontls to the continuous current arc^ the closed or open 
pipe a^ociateci with it is a resonant circuit and corresj^onda with the 
condensA^r and inductance* 

Consider the state when the oscillations Iiave been set up in the 
con denser circuit* We must assume that there is u stream of eke- 
troti^ from the negative terminal of the arc making their way across 
the intei^pacc to the pc^itiva terminal. If* then, wc consider tho 
state 11 1 the irtstant when the condenser has reversed its charge* so that 
the coating connected to the tiegative arc termlmil is positively 
charged* we see that there is a tendency for the st!i?eam of electrons 
to enter the condenser and supply the deficiency represcntOAl by tho 
positive charge on that plate* They arct ^ to speak, sucked into tho 
condenser* *VccordingIy this nction either annuls or reduces the cur¬ 
rent in the arc* WHien the condenser is charged to the potential 
difference thru existing between the tenuitmis of the arc, no luora 
electrons enter it, and they then all travel across the arc* ^This in¬ 
crease in the arc current is accompanied by a fall in the electronic 
density dilfereiice, or the potential difleixmcc of I he Jirc terminals^ 
and the condenser then begins to discharge across tho arc^ and still 
more reduces this potential difference* Owing to the laductance in 
series with the condenser, or in other words in conseciuenco of the 
kinetic energy' of the moving eleclroiLs, the condenser is not only dis* 


*The term neaativfi i-e^EKtriDee Is n very Irtanproerlate term. It la better to 
cnJI the corve for An elijctrlc are Hbciw3oK the relnllua of ciirroat Uiroiigli the arc 
to pt?Teatla] ailTerence of the eieeirti^t^ or poies the cftfinirler/ji/rc earn? of that 
arc* foltowItiK a uimal Donicaclature lo coDaecttoii with il^paamivsL This ohnmc' 
tfirlstjL'^ Is a Clime downward when the curretit takm as abscissa 

aiul thi! P* D. as ordkiate* 
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4?harged but diar^HJ up agnm in the opposite^ <lirectifln+* It parts 
with the excess of electrons forming the negative charge on its plate 
in connection with the negative arc teraiimilj and that plate jm left 
witli El deficicney of ekctroiis, dial isf with it positive ebargei Then 
the process repeats itself over again. Two conditions iwm nec&^- 
siary for the autoTnulic coritlnuanee of this process. Firstt the are 
must l>e formed between terminals of such nature and in such sur¬ 
round irigs that rapid varnttions of current through it must cause 
corrcsx>ondiiigly rapid and large 
diangcs in the [potential difference 
(P- D-) of the temiinnls in an in¬ 
verse sense^ that is+ sis H* T* Si- 
rarm lias shown* thesT5 must he a 
sleep falling characteristic curve 
for the are* (See Hg* 10.)^ Sec¬ 
ondly, the are must have the 
power of restarting itself if en¬ 
tirely extinguished for a short 
time, but this sliould not take 
place until tlie P. D. Iietween the 
terminnLs exceeds a certain value, 
that is, it must not take place ton 
easily or at too low h voltage. If 
the ate is formed between solid 
carlxm termimds then it appears 
that these conditions are only ful¬ 
filled lip to a eertain frequency, 
that is when employing a rather 
large capacity in the condenser 
circuit. We then obtain Jlr. Duddell% musical or singing arc, 
which emits a sound liccnuse the rapid variation of current through 



a 4 a It uf 
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Ftcl le.—Charurtprlfttlc rurrcfi fi*T «in- 
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®TLe am pt Etude of llie p^ktciiilal diffeivnco of tlic eandenAcr lemEnalR amy 
ntHi bivome very mneli greener ibaa ttio mere 

of tbe elet'trodcfl between vvlib-h |hi‘ nre Is foroiCHi]. with a T. D. of 21*0 

or 3PDf> voEti^ ncrcas the nre ibe n. M. S. of tbe cendeaiie^r plates anir reacll 
l,0rm or l,ri00 veltM* 

K\ careful stiuly of the pllF^olEll^fLn <if electric Arc lictweeti laetnl and 
iiictnl and farlsoTi tcnnlnnTj^ In air and bjitrctfca has pecentlj lieeii nwde In raj 
Inhfirator^'p ynder loj direction, by Mr. \\\ Upfwau It hSUs been fonnd ttial 
for an arc b^>twcca a cold nieml and n enrhon tcnnlnal In hydrottn'ii for the 
sniuc len^L of are, the nite of Eie<'rcaR4> of Tcnatnnl voltaji^c with tnereiiRe of 
current In alway^ii jnvntcr tlmti for jiti are Tn nir lictweeh twa i-nrhon termlnaLs. 
Ta Other words ttae volt-nrapere clmtucterlstlc Is iit^^r. AIimj It 1ms bi^en 
fonnl that In the cnee of u carbon ate In air the ciitreiit can he iTitormptcd for 
a Miieli Ton^'cr time wUlioot nerinanently extliiinilhUlna the xirv than in tile case 
for the tnetul-carboD arc lu nlr or li^'droE.^. 
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llii* arcj by varying the energy expeiidetl in it, eApnnd ainl enn^ 
tract the roliunn of incanciet^nt vapnr fonniug the true arc, and 
therefuro the layers of air nest to the arc, anii hence send out uir 
waves which are heard w-s soniid. Frequencies up to 10,000 or so are 
po^ible. ulthnugh many physicists, *fuch ns Uaunti, Corbirio, and alsu 
Maisel, contend that in«cli higher frequencies can be obtained. In 
10fti Mr. Poutsen introduced a further improvement. Ilo found that 
by inclosing tlie arc in a vessel containing liydrogen or coal gas, and 
forming the arc between a cold mctnl tcruiinal, w'hich is the positive, 
and a large carbon tertninul, winch ia the negative, the are being also 
travel^ by n strong tungnetic field, much higher oscillation fre- 
queneies could be obtained than with Urn double carbon arc in air. 
(See fig. 11.) 

He also found it is an advantage to rotate the carbon tomiinal. 
When this arc is shunted bj- an appropriate small condenser in scries 



11.—PoQli^Ei'B ni^iwrRlLiH for rmring unOniniMHl ucIHuMukc. 


witK nn inductance, we can obL4iin in this circuit electric oscilla- 
tiojLs having a frequency of a million or more depending on the 
capacity and mductanco used. If a suitably tuned antejina is con- 
nected to one terniinui of this condenser, and one arc lertiiinal to 
the earth, as shown in the diagratn, wo are able to radiate from the 
autenim iitidumped trains of eliHrtric waves, 

I have before me an apparatus of this kind with which much work 
bus been done in my iaistnvtory during the last few monthsL It con* 
sists of a water-jacketed brass cylinder with inarblo ends;, through 
which project at one end a thick carbon rod, kept in rotation by a 
motor, and at the other a water-cooled brass tube with copper beak 
at the end. An electric arc is fomied with 400-500 volts between 
these tcmiinals taking 0-10 uiupercs. 
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The teiniinn]^ tire douiitH^tecJ by n bilitling iiicliicifince anti by a cun- 
tleniier, Thf^n* in addition^ ii long Lelix of wire, is coiinectod lo ono 
teniiinal tif the condenser. This helix is tuned to the condenBer c:ir- 
euit and may lie taken to represent the aiitennu whtjn the iippnraiu.s 
is use<l in wii^eless telegropliy. If we start the artr, then liigli-fre- 
cpieney oscnllaiions nrv prof]need in the helix, and hy tlie iiction of 
resonaiiey the isotential at tJie free ends iKieuineis large enough to cre¬ 
ate an electric brush discharge. Tiieix- is, of coui-se, a oscil- 

hitavv electric field ouLside the heli-x, atid vacuum tubes held Uierc, 
patticularly neon tubes, glow l>rilliaiitli,% It has be^Ti ccnitendtHl 
that iheBe OiHciUatioiis are undamped and centLiui01114^ but 1 can sliow 
you u simple experiment witJji a neon tube whirh proves that they 
are not always tininterrupte<l. If 1 hold a neon tulM? near tlie helix^ 
and move it rapidly to anti fro^ you see a broad buia] of light, due 
to perHJKtcnee of visioiin, but this is cut up by iJark lines and spaces. 
In the Same manner if a neon tube rotnt^ nejit the helix it docs 
not produce a uniform dt^lc of light, but the disk presents the appear¬ 
ance of radial ilark bunds and bright spaces. The same effect is 
mil with a vacuum lube filled with any other gas, provided the tube 
y sufficiently narrow in the Iwre. It appii^ars to me that Uiis proves 
incontestably Unit the Dscillntioiis ai‘e not uninterrupted, but are cut 
up irregiilorly into groui>s of various lengths^,* 

To obtain these iiigh-fi'equeney osci Hat ions tlie various contrilni- 
tory f[ictoJ:?r—strength of magnetic field, length of arc^ supply of coal 
gas—have to Ix^ carefully adjiLstcd with reference to the capacity 
and inductance used ami the v oh age on the art:. No one who has 
practically worked wuLli tlip apparuLus can stiy that it is a simple and 
eas_v one to usCi A very little want of exact adjiistment causes the 
are to be extiiiguisbed or else it fluctuates greatly in current, and 
compared witli the exinunely simjde appUances reipiircd for sjxirk 
telegraphy, the advantage in ease of ivorking is largely on the side of 
the spark. But we have to consider whether thiTc nre; not coimtor- 
bulancing advantages as u generator of telegraphic electric waves 
which make up fur the iiicressed JifliLulty of working and greater 
cofnpkxily of appartilUiL The claim made for it ia that if the Irano- 


^l*rcTJoua px^H^rlDiiditaJilejlH ta liave hwn KutlHlifni wftti exnmliilni^ in n 
HiviilTlui: mliTfiir llie fliiaUikK aic or Iruoli prcKluml nt thy Heoiiudarj tenaliuilB 
of q tonfifonucr. Uie lirlnuiry of wktcli roniia ihy In the canUeawr 

drtrtilt, auil tjniUnff the Imns^^o ilmwii out lata a band of coaclinli'd tljat 

the otKllliitluijfl were i^iatliiaciaa. T*^he ueon inhe Ift a tunre (lellciiito tcKC’, Jind 
reiojils the aisseoiilLiiulty meatloiq^l al>ovi?+ Thia iLL^'iiutlniiUy of Llie tmln of 
08cUhilJi]|j.& seDDifl to iluioait] to koiiio ilyjin^e ujjoii l\ want of ja>rfuet ri*galarlJy 
111 tile reiatinu of the carhoii tonulnuL it may lUno lie hroui^Lt nlMitit E*y Uie 
iniergj' tnuinfetreil to the cunUensiiur circuit Inriiig^ niclhited or disalnatod fuator 
Ltana lE Is 
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niiUer produeet^ UDdnnipcd continuous oscillations these cun be ro- 
dnced to such small ainpliUidc that they i^'iH not affect other neigh- 
Iwring wijTeloss nonsyntonic receivers even if only a little out of liine^ 
hul cun by the eutnulativo ciFects of resonance actuate their own cor- 
respoinling or exactly syntDJd/4:^d reetdver iit the same or a greater 
distance. Tliis claim is based on the known fact that for certnin 
tyiiei^ of receiving circuit, the enrrcnl creaied in them can be largely 
increui^d by increasing the nuTnU'r of oscillations in ihe incident 
train uf waves* sso that if usciUatiotis or waves are undamped they can 
make up for feeblencsa by their j>ersiiilency+ This., however^ depends 
essentialh’ ujkhi the nutiire of the receiving circuity and is only true 
within certain limit^p 

IMien electric waves radiutCHl from one autenm^ fall on another 
syntoniKiHl or tuned secondary circuit they set up oscillations in the 
latter of the same period. It might be lliuught that if these Imping¬ 
ing waves are tunkriipcd^ we should have un infinitely large current 
produced in the secondary d re nit* As a matter of fact we do not. 
'rhe eleclro-moli^ e impulses froui the i^eiidor only increase the second- 
aty eurrtmt up to a certain puint. The secondary circuit iircrssnrlly 
possesses rpsistance and other soui-ce^ of cnoi'gj" dissipation which 
lapidly increase with the 01111™! induced in it* Jloreover, when ihe 
secondarj’^ circuit has itn antenna attached^ this itself radiates part 
of the energ}^ it al^rlri. Hence it follows that beyond a certain 
ptiint the energy thrown onto the secondary circuit ia no longer 
utilized to increase the cuiTcnt in itj but only just suiBctfs to inamtain 
it. The case is exactly iimilogous to that of a Ixwly tieiiig warmed by 
radiant heat. A thenimrneter exjioscd to full sunshine only rises to a 
certain height. 

A couipnrLson between the damped and undamped radmtioUt to be 
valid, must be made as follow^s: Assume that we have two wireless 
transmitting stations side by side* one sending out intermitleut ti-ains 
of feebly dam^wd oscillations, the other conUnimus trains of un¬ 
damped oscillations, and let them so iidjustet] that (lie transmitters 
take the same mean i>ower to work them* I^ct tlie frinjiiency of thr^ 
duai|x^] and undamped so radiated be the isame. At a dis¬ 

tance let tlirre Ik? a suitable movable receiving .station^ say a ship* 
with receiver tuned to the same frequency- Then the principal 
qiies^tiou at Issue Js* whether the undamped weaves can nffect this re¬ 
ceiver lit Li giT^Eitcr distance tliun the damped waves of the same in¬ 
tegral energ}'. Otherwise, at tlic same distance can the undamped 
wave Nation nffect the recoi%*er when using less power than the 
dampcrl wave station. Since, however, by assuni|ition the undampctl 
waves from one Nation have the same inlegrul energy as the damped 
waves from the other, the latter will have a higher initial value in 
each train to compensate for their decreased value and intermittent 
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cessation. Hence we may another question, viz, will be 

(heir relative effect on recieiviii^ i-tmion?^ in djeir neightx»rhoixJ not 
quite in tune with the emitted wiives? Cun we bring the undamped 
waves nearer into tune svith these nutknder stations without disturb- 
ing the latter, than we can in the case of the damped waves^ and if 
so within what ratio of wave length i Claims have Wn mueJe for a 
great soperioritj in (his reapetl in ihe cose of undain|>iHl wavost but 
we are still uwaitirig quantitative conSnuation, Among oUior as¬ 
sertions it has been statetl that the tinikriiped waves are less easilv 
tupped^^ to use the now spaper expi'ossion. Tim is n fallacy. With 
the proper exjierjnientiil lippliunces a receiving circuit can be grad¬ 
ually adjusted to any electrical frei[uenc\\ and when it comes to the 
riglit frequency it must be olfected just ns much as true receiving 
stations for which the waves arc intruded. It is all a matter of ap¬ 
paratus and skill. To illnstintc the first jKiiiil, the effect of tho 
niituro of the receiving circuit w-e may take an inslDtico from ojjlica. 
l\lieii we look through a telescope at the stars wc can See a cerlaiu 
number down ii> some limiting magnitude. Sq amount of prolonged 
gazing w'hen using the eye as a wave receiver uicrea^ the effect pro¬ 
duced by a just invisible star. If, however, we use a photogra|shic 
plate the effect on it is cuinulotive, and we can by a ijilfficiently long 
exposure obtain impressions of in visible fitnrs in coimtlc^s numbers. 
I'he phou^griiphic film is n wave detector of quite a different kind to 
the retina. In tlie cose of the film It can moke up by time what is 
wanting in intensity in the wave motion. In the case of wdreloss 
telegraphy it is clear, therefore, that the nature of the receiver haa 
ij great deal to do witli the pojsible advantages of undamjjeti wjives^ 
and it is not merely a question of the Liming or*die tranaraitter.* 
Again, the ordinary 10-irich induction coil and spark transmitter 
iis^id on ships tiike-s up one-fifth of a horsepower when in full workt 
nnd can send wireless^ messages HOO miles or more when an appropriate 
m^eiver is used. I find it very liiflicult if not impossibla to obtain 


* In enter ttiiit lie may take tUe utmost adraolnKe of tJie principle of res- 
onauee. ^Ir, PoulBca u^w^K In Uic recelTier a device lie calls a " tlcberJ^ TL !4 
Bcneif to ihn coiulLMipeT-Induenmce circuit of llie receiver cJo«tHl, iiDtU 

re^aatioe Laa uxaUetl tlie OKrlllntlauA to llie uimoErt. TLe 'tinker tlien opens 
n at Intervalj? fiiiil JuBorta Eke partSculur owUlfitlQn ilotectur, wkelJicr t lectro- 
lytlc or otker. which makea ihif audible or visible stpiuh in hla syatonic 
receiver Mr, SJfirconi laui always Rdoiinnl n siMlIiir ijlnii, for ho kivps the 
coherer tenelnals JoinerL by a condcusor whSch cIdt^s rbo eeccHtulury ctfcult of 
t-Ue fwielvlni? Jlcaer. A point of Uileirt^ not yol Cisnslilerod Jh wliclhel' we ito 
need iibMolutely iinEbitulifxl waves to pain nil the pusslLt^ pmetleal aiUiintiu,^ 
Eierivnblo fruta theta. It mciy be tbut veiTi' fipllalitly ilnaii^ tnilns eontalaliia'* 
aayn S(J <9dclliatloEia jier train and folluw'lDa each at her st^vcral hiinilncd times 
lH?r setcDd wUI wllli an approprlale rccelifer isIts uh all that we can obtain 
from the use of farced undamped waves. 
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sufficiently high frequency ftsci Hat ions Luj* the are inetliod unleas nt 
least 1 or li horsepower k Ijoing expetidec) in the are. ITonue, for 
short' distance work on the point of economical working na well as 
siiu|ilieily of apjsanitiis ami ease of working the spark method has 
ailyantages denied to tlie arc. IVe were told not long ago hy an 
eminent eleclricmu that the arc method of creating undampeil waves 
sounded the death knell of spark telegraphy. It is always advisable 
to eyercisc some caution in issuing olitluary nutices of well tried in- 
_ ^'entions prior to their actual decease, and in tliis case although the 
poT^or to citate trout imious trpiit? of I'ltrctric waves will tloubtl^^ 
greatly assist space telegraphy, it docs not follow that their gener-. 
fltion by the are melhixl is the best or final method. 

In the production of continuous oscillations we are not limited to 
the are method. Mr. Marconi tins for some tiiiio past been engaged 
in developing an hipjiious method of creating iindninj>ed electric 
waves for telegraphic purpoi^ which involve.^ neither an arc nor 
ulternatar, hut is a new nwchanical method of great simplicity. 

Thi-S method is capable of pro¬ 
ducing astonishingly large alter¬ 
nating ciirreuLs of very high fre¬ 
quency, in otlier words, so called 
undam pe<1 or persistent oscilln- 
tiomi. I liai'c recently witnessed 
some of his ex|>eiriiuc!nts. and was 
Kurprised at tlie reaulls oblainod. 
Ix>ng distances have been tele¬ 
graphically covered with every 
j>rn«pecl of great efficiency. Un¬ 
fortunately, the incomplete state 
of certain foreign patents prevents 
me froiii entering into details of 
this method now, but I hope he 
, himself will lie able to do so soon. 

Turning then from transmitter? to receivers, we may notice one or two 
recent type's. By far the laiger portion of electric ivave telegraphy 
lyas until a few years ago eniiducted by means of some form of coherer, 
either rwiuiring tapping or else wif-restoring. The coherer in ^rtain 
forms lias the advanta;^ thnt a current of about 0.1 to 1.0 milliampere 
can lx* passed through it. and hetici> tlirough a rclav. so that niesejiages 
can 1m* printed down by it tvben using a .Morse inker in dot and dash 
signals. After that curne Mr, Marconiu magnetic detector, making use 
of a U'lepbone to create an audible signal. This is now the instrument 
employed by him on all long distance work- In Germanv and the 
United States a type of telegraphic wave <letector has come into uw, 
eommoulj called the electrolytic receiver. In one form it was invented 
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in the United Suite? by Fe&setideiK unrl c^Ued by bun n liquid barret¬ 
ter. It wiis independently disotiverecL and deseritied shortly nfter- 
tvards in Germnny by W. Seh]oejnildi,aiid is ^nemlly there enlled the 
electrolytic tletector. (See hg. 12.) Ii consists of an electrolytic cell 
or vessel contiiining some electnilyte, iisnally nitric acid. In It are 
jdneed ttvo electrodes, ono n nictal or carbon plate of large stirfacc. 
and tlie other an extremely fine plntinuui wire prepared by the Wol¬ 
laston process- a verj- short length of ivhich is irntnerstnl In the liquid. 
A convenient jdan ia to prepare a Wollaston wire of gilvecj luiving a 
eore of pi at inti to which is drawn down until the latter b only one 
onc-thonsandth of a millimeter in dintucter. If the elevlrolytc is 
strong nitric acid, then when the above wire bs immerged to tlic depth 
of a niillimeter the acid dissolves olf the silver and leaves the fino 
platinum w ire exposed as an electrode. This cell hns its two elec¬ 
trodes connected resjmctively to a receiving antenna, and an earth 





platiV imd ulso to a clrcmt a shtjnlcd voltaic ctdl iitui n tele- 

plionc. fi". 12A.) Tlie voltaic cell semLii n enment through the 

electrolytc hi smcli a direction 
ft!? to make the lijic wire the 
positive electrrxle or anoclc* 

Some dispute has tnken place 
whether ihe cell will work 
when the fine wire is the nega- 
tive electrode* Fessenden ^ who 
adopts a tLiernTftl theory of the 
cell* claims witli Rothmund and 
Lessing iliftt it h cqiiuUy sen¬ 
sitive, whether the s^mall elec¬ 
trode is positive or negative, 

At?<?or(]ing to om theon% the 
nction of the cell as a wave de¬ 
tector depend-s on the power of 
the oscillations to remove the 
so-called polai ballon of the electrodes or ndhering fUms of lon^ Ai> 
Lui^ling to anotlier thcfiry it is due to the heiitirjg action of the CMwilla- 
tioiL^i 00 the smalt eleetrixln and liquid in its neighiiorhoix]. In any 
case, the action is just as if the rc^hrtance of the electrolytic ee.ll W'cre 
Hiiclilerily cliangtHh either iiicreab^l or decreased. It has also been 
found by Uothmiiiid and Lessing that the cell may be made to supply 
ils owni elwtretiiotive force. If we form a simple polarii^able Toltnir 
cell with line zinc and platinuni wires immersed in dilute acid and wn- 
neci a telephone f>r high resistance galvanometer to these elements^ 
then* when electric nscillations pa.^ through the cell, the current sent 
by it through the telephone or galvanometer is momentarily increased. 
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That ilist action is not altogether due to the removal of polarl^iition 
filoiB is shown by the fact that the fine platmuni wire la the Scliloe- 
mildi forui of detector wears away or is disssolTecl in the nitric acid 

when f^KSciUations are passed for some 
lime through thecclKand there is some 
evjd^jnce that goki and platinum cun 
be made to dissolve even in dilute acids 
by the action of electric oscillations. 

In IIKH I wns so fortuitatc os to dis- 
cxjver another and quite different prin¬ 
ciple on which a sensitive electric wave 
detector can lie tias^d^ If a eaH)oii 
filament glow lamp has a metal plate 
carried on a tliird terminal seulcd into 
the bulbj it is w'ell known tliai a cur¬ 
rent of negative electricity flows from 
tlie plaie to the positive terminal of 
the lamp, when the Hlament is ren¬ 
dered incandescent by a continuous 
curit^nt. nils is the so-called Edison 
effe^rt,. Tt is also now known that iii- 
candewnt bodi^ discharge negatire 
corpuscles or electrons from their stir fact*, and Jncandesceni carbon, 
when in a vacuum^ cxliibits this |wnver in a marked degi'ee. Xegative 
elect ricity escapes freely 
from it, but not i»sitive^ 

In lIMM I w as endeavoring 
to find some way of recti¬ 
fying electric oseiliatioiis^ 
that is, of separating out 
the two sets of alternate 
currents ami making them 
separately detectable by 
an ordinary galvanome¬ 
ter. It occtirml to me to 
make use of a carbon fila¬ 
ment lamp, having a metal 
cjdiijder insulated in the 
bulb surrounding the fila- 
menU the cylinder being _ 
connected to a pmtinum aud m b in Bi^etric wa-w^ 

vrire flcflled through the bulk (See Bg. 13.) Tiiis Inmp was then Ui^d 
as follows: A cjiritit wag couneeted Iwtwecn tbe terminal of the metal 
pluto and lie negutive terinkal of the filatueiit, the latter being made 
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tirigluly inrandeaccrjt by a small battery. Iti this circuit a gulvanoui- 
elcr uikI one circuit of u small transformer or iiuliictian coil ttas 
inserted. On connecting the otlier circuit of the transformer be¬ 
tween im untcium and the earth, I found that the oscillations set up 
in the atitcnna caused a ilclicctioa in the ardinary mirror-galvanom- 
titer. ($ee fig. U.) Tlic aeligij is as follows; The antenna oscilla¬ 
tions induce others in the circuit of the traii.<iformer, which is in con¬ 
nection witli the lamp. A iiiovement of electricity in this circuit, which 
consists in the flow of negative electricity from the filanicnt to tho 
plate diroiigh tlie vacuum, can take place, since Uiis negative electric¬ 
ity is, so to speak, carried across the vacuous space by tlie electrons 
emitted from the hot carbon. On the other hand, negative electricity 
«in not How in the opposite direelion. Hence the glow lamp sepa¬ 
rates out the two oppositely directed tiinvemeuts of electricity and 
allows only one to pass, I therefore called the npplgnnce au ossciila- 
tion valve. This instrument was shown by me to the Royal Society 
early in February, IGOG, and was employed by 3Ir. Marconi soon after 
as a long-distance w'irelcss-telegraph receiver,in conjunction with other 
improFonents. 31. Tissot, of the Xaval College. Brest, hi France, 
has made u-sc of this glow-lamp detetdov, and with u sensitive galva¬ 
nometer has received signals nt a distance of &0 kilometers.^ Employ¬ 
ing a special form of transformer, and a telephone in place of a gal- 
ranonieter, 3lr. Marconi has used it for some time past over distances 
of 200 miles or more, and finds it ti very sensitive form of receiver. 
Since this particular form of electric wave detector was brought to 
notice by me, Doctor Wehnch has found that a metallic wire, coated 
with oxides of calcium, barium, or other earthy metals, may be sub- 
atitiited for the carbon filament in tJie vacuous bulb. 

The oscillation valve is enpobk of giving very remarkable effocLs 
when used as a receiver with a transmitter producing undamped 
wttVfH, The reason for this is obvious. The valve passes all the 
iinidirectioml currents in the attached secondary circuit. If, then, 
these are intermittent damped iratiiifi, say having a frecjuency of 
100,000, imd 50 trabia of 20 oscillations per second, the total time 
during whidi electric cutrent is pmising is only one-thousandth of 
the whole time. Acconiingly. if wp. so to speak, fill np the gaps 
l>etween the trains of oscillations with other uscIllBtJomt, and generate 
a continuous train, we greatly increase the quantity of electricity 
passing and repassing any point in the secondajy circuit, and the 
indicutio^ un a galvanometer In circuit with the valve are enor¬ 
mously increased. A true comparison between the tw^o cases of 


■See TJse dectrielna, VoL LFIII, p. 730, Feb. 22 . IBOT. M. O. Tlssot, "Ou 
IoiMnhI Cfii Electric Wnte Delectom,^ 
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djitlipctd and iintkmjscd \vjivc!?: lovolvos mmy fudonii iinil is not fair 
w(? compare iogether transmitters taking tho Hsime mean power. 
Gencrnliy speakings liijwcviwj we Juay ^ay that rn:»t only iLis glow- 
lump ilrtwtor, irtit all fornL^ of therjnal cletcctor, give greatly 
incresi^ai etiee-ts ^vben tMuploying undamped nseUlations. 1 fine}, 
for instance* tlmt if tindampcd oscillations arc n^sited in a closed 
wire cutrnit. wliich forms part <jf a circuit cfmiuining capacity and 
iiidn eta rice shunted aciw® a Poiiljjen urc^ I can induce powerful 
secntidaiy oscilliitions in a similar cltised rind syntonic sccornlary 
circail at a considcrublc distance^ and detect these by the nsc of my 
oscillation valve and a galvanometer placed* In fact^ the ii-se of 
undatuped oscillations in a clnsetl primary circuity luid thia o^dllation 
Valve used with a telephone in ei cloi^rd secoiidaiy circuit, brings to 
the front again the po^Nsibility of milking use of s^vcnlled wireless 
tdegrtipliy hy eJettro-magnetic induction over ^cry large dktiuices* 
The eld form of electro-magneiic induction telegraphy us practiced 
by Trowbriflge^ Preece, T^wige!, and otliers made use of low-frccjtieney 
altenmting currents (50 to 100) in ii closet! priniary circniT. and 
employed a telephone in a distani closed secondary circuit to detect 
the magnetic Held produced, sigtitil« being made by intorrii|iting 
the primary current. I have, however, found a nieans uf greatly 
improving this form of wireless telegraphy* in a dosed [jritnury 
circuit I Oi^ablish conLimious undamped osidtiatioiis nf^ say, a qualter 
of a tiiilibn frequency by the are raethtHl At a flistfEiicc T place a 
synionic secondary circuit mntBining tiiy ciscillation valve as a 
detector, a telephone being used wiili it ctmncctctl between the 
middle plate tiiid negative filament tenuinnL Both the jjriiuary 
circuit and secondary circuit are connected to eajili at ^me |joint. 
The sign a Is are made by breaking and making the earth connection 
of the irunh-mitier in accordance with Mursc cinle. When the 
earth coimeciian is made at both ends u sound m heard in the tele¬ 
phone, but not when i( is broken. This seems to dejxind upon the 
fact Uint the oscillation^ pmduited hy the arc iiiethwi are not abso- 
lulely c^oniiniious* but cut up into groups, as already pro veil hy the 
experiment with the i-apidl^' moving neon lube and lielix- 

I have found that it is not necessary to employ a high-voltage 
carbon filiiment, a ^imnll lamp with 4^volt filament, taking almut one 
ampere, works quite a$ well as a wireless telegraph receiver as a 12 or 
100 volt lamp. The hlDment hiis, however, to lie at a certain critical 
temperature to ohiaiji the best result; the vacuum also Los to be 
extrcnidy good. There are, no doubts many possible variations of 
the above-menlioncd type of cR5cillation valve wave detector* Every 
glasi vessel contaiiii^ rorefied gases or mercury vapor having elec¬ 
trodes of different siKe.s or shapef^ or tcmperatiiresi h[is £Onie degree 
of luulntcral conductivity, and can be used in the above manner 
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trt scpHrate out the two constituent currents of jin cicctricnl o^eiila^ 
t.ion, uiitl ninke thetu cJetectuble by un urtlionr^' ^jnlvaiiojneter or 
telephone, I have also tried with some imccess a Hume in which two 
ptutiniiiii wires are immer^inh one of which carries a Ijead of imtas- 
siuni sulphate b.h a means of rectifying oscillations of high fretpiency'^. 
It is well fcjiowii that negative ions are then Hlx^ratcd in the lluiiie, 
aiul negative electricity ciiii pEiss over more freelv from the electrode 
which carries the liead of suit to the other than tii the ripjxjsite dlrec- 
lion. I have dot, however, found imything as simple and useful as 
the almTe-describfd low-voUage carbon aitinient glow lump. More¬ 
over, other invciitoni have indorsed Ilh utility by grunting it the 
compliment of imitation. In October. ISK>C, Doctor de Forest 
dtiscribetl to the American Institute of Electrical Engineers an 
upplisncc be called an ‘Vmidion,’’ which is merely a replica of my 
oscillation valve, descriiied to the Royal Sttdely eighteen montlis 
juvviously and to the Physical iiociely of London sis months before, 
particularly with reference to its use as n wireless telegraph receiver. 
Ajmrt from the name the only diifercinw Introduced by him was to 
sulistitute a idephuiie and battery in series connected' between the 
miildle phite niid positive termiiuil of the lilauieul, for the gal- 
vtmunirter used by me connected between the middle plate and the 
negative terminaL As Mr. Mai-coiii had before that time used my 
oscillation valve with a tck'jdnmc with it for long tiistnnee work, 
and M. Tissot has found a guhanoiiicier, used us I described It! 
effective up to 50 kiloiiietere, the modilientiun made by Doctor de 
Foiiest dncB nut make any fundamental dilference tn the ojwration of 
ili« dc'vicT 4IS SI wsivc 

Very closely rtuinected with the cpieslion of the proiluction of con- 
timmus or undamiicd electric waves is that of the electrical trens- 
nnssion of speecJj through space without wires; in other wonls, 
wireless telejthony. Some considerable progress has already Ijecn 
made in this direction. Any complete treatniont would remiire a 
lecture in ilreif. If, however, we ptcss by the investigations of Bell 
with the phofophone, Simon, Ruhmer, and others with apparatus 
employing the resistance variation of selenium by projected beunis of 
|x>werftd light, a ml aL« those of Pmw, Gavey, and others with 
elertrmmagtii-tic induction, we may say that at. the present time the 
chief interest attnchcs to methods of wireless telephony which involve 
the use of undamped electric waves. The problem mav then be 
stated to he as follows: Articulate speech made against a diaphragm 
at n transmitting station has to affect sinularly the diaphragm of a 
telephone at n receiving station not connected with it by wire. 


■ toller .’ll, c. Tissoi has already nekunwledaoil prawfuily my 

prior ty of Inventlou Ui llita mailer, althouith ho JiJmrelf was laa«l«odently 
working In Uie dtr-Ktf<yn- 
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Time only permits me to give ymi a brief sketch of ^me intetesl- 
ing csperimenls wbicb have i^een carrieii out lately by the firrman 
’VVirelit?s3 Telegraph Coinpuiiy between Berlin utkI their large station 
111 Xauen. iiO miles distant At the transmitting station they employ 
12 electric arcs in scries, each of wliieh is composed of a carbon nega¬ 
tive and A water-cooled copper positive electrode. Tliese ares take 4 
am|)ercs at 44fl voltfL fig. 14,) In parallel with this series ol 

arcs is joined a wndenser and iQductauct% to wJiidi is inductively but 
loosely coupled an antenna fi'om which tindaiupe^l electric wavpsj SOO 
meters in wave lengtlij are radiated,, Ini'ving u freqtieneyj thereforcj of 
400*OlX!* The oseillations set up in this antenna can be more or less 
enfeebled by shunting them to earth through a njicropbofic trans¬ 
mitter, the resistance of which h varied by the act of speaking against 
it. l ienee, although the wave length of the cm it ted electric waves is 
not altered^ their intensity is nioduiated in accordnuce with tlic wave 
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fcmi of tin; wiimls iiiipressefl nn the trntismitter dmplirftjjun. At the 
receiving slaliciti lliore is a receiving nnteriiui tuned to the wave 
length uscl. hiivmg a fjTiantitalit'e electrolytic detector in coanectinn 
with a telephone cotipleil inductively to tlie anteniiii e-ircnit. Hence 
the vihi^utioiis of the tmiisniitter diaplinigni vary the intensity of the 
radiated electric waves but not their wave length. Tliese waves travel 
through space, fail on the receiving antentiB and atfect the resistance 
of the electrolytic detector in pniiKtrtion to their intensity. Iletice 
the receiving telephone reiieiits the sounds nr articulations tnade 
agnin-st the transmitting microphone and reproduces speech. The 
Oernian esperimentalists say that a satisfactory wircle^ transmission 
of speech can be made in this mannerj 20 kilometers or 12 miles over 
water with antennse meters or about SO feet high. 

Rulinier has recently described in the Ekklrotechnische Zeitachrift 
some ainiilur esperimems made with a 220-volt l^oulsen arc. In this 
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ciijvc tlie neces54ir_v iiiodiilfttion vsnB iiupix^^sed U|xiii tJie nidi a.ted elec¬ 
tric waves by inserting^ the prnmiy circuit of nn indkictioii cuil in the 
continuous curront are elreuit, mid closiog its secondary through a 
rjiiemphone ti-nnsmitter imd working battery. The reeinring ar¬ 
range Jiient involved an electrolytic receiver as just described* Pro¬ 
fessor Fessenden has recently described very similar arnitigenienia 
for electric wave wireless teleijlioiiy."' Wn train however, say Unit 
^methiiig tuore than n Ix'ginning has t>eoji iiiaule in the art of the 
wireless transmission of hunnui sjicccli to a dislaiice. The energy ex~ 
penditure is at present coruiideroble, aiid iimeh will have to done 
before telephony withotit wires can bii looked upon us eouiing within 
the range! of commercial work* Nevertheless, having i*^gard to tlic 
enormous iniprovemeiits in wireless tclegntphy in the last seven years, 
it is quite w ithin the bounds of [xi^ibility we mi^y soon bo able to 
speak across the English Channel without a wire, and not scientific¬ 
ally iiii[Kissibie for tJie sounds of ihe human voice to bo some dav 
transmitted frenn the tahores of England or the United States to an 
Atlantic liner in mid-ocean* 

We may consider in the next place anotlier problem of great prnc- 
tical imporiiince, toward the solution of which some considerable 
progress has been made, visit, tliat of locating the direction of llie 
sending station and giving direction to the euilllcd radiation isent out 
from it. Tlie early sittempts to do this deinmiied upon the um of 
parabolic mirrors, or some arningenient of vntiwil n>dH cquivakiu 
to it. Hut although comparatiyely short electric waves of n few feet 
in wave length can bi? diri?eted in this manner in the form of a lieam, 
it is out of the question for electric waves hundreds of feet in length, 
l>eoauae reflection can only take place wdien the dimeusioiis of the 
mirror are at least coinpamble wdth that of iJie wave length. 

The oiiliiiary vertieiil antenna, of eout^.^, radiates equally in all 
directions, and w hen it is so far off us to be below the horixon a corie- 
sponding receiving antenna may rcsjKJTid to itj but cun not locate the 
position of llie sending statinrL 

It seems to have been notict>d by several jwi-soiis llmt if the antenna 
Ls not vertical, ii radiates rather more in one direction tban anotlier, 
and the same for a noiiverticnl receiving antenna. It is more rccep- 
livc to waves coming from one direction than iinothcn Varicus 
oWr rations on tlie opemtion of non vertical, loo|Mid, or duplex 
anteonfle have from time to time Iwen made by Zimneckj Sigsfeld, 
Strifcker, blaby* and Lhs 1‘oresl, w’hilst nictliods for locating the send- 
ing station or directing tlie transiniLtcd wavus were dcscril^ed in 
patent specifications hy De Forest, Garcia, and Slone* Although 
claims wxrt^ made for iirrangcment^ said to be effective, these various 


^ Sec Tile Eteetiielau, \ q\. LVIH, p. TlU l\W, 
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researcheti were not pressed to sudi logical isame as to disclose any 
definite genenil r^ientiftc prineiple, wkilst m some cusc^ Uie results 
said to have been obtained are clearly in contradiction to well ascer¬ 
tained facts. 

Time will not permit further reference to thei^ early and inconolu- 
si ve obtservations. 

In Marcli last year Mr* Marconi cnmmiiniciited to the RoyaLl Society 

a pa|]er on the rttdiation 
from an antenna liaving 
a short part of its length 
veilkul and llie greater 
part horizontal^ and on 
Iho rw^ptive powers of a 
similar nntenna in vari¬ 
ous azimuths. (See fig. 
16.) lie found that swell a bent anieniia emit.H u lef^ intense radiatioD 
at any given dJstaiK-e in the direelion in which the free end points than 
in the opposite direction. Also, since the law exdmtige^ holclj) good 
for eleotrie rfidiators. a similar form of antenna jeceives or al^sorljs 
best electric waves which reach it from a direction opposite to that 
to which the free end i)oint5.“ Hence two similar bent antennie, when 
set up hack to back^ that w-ith iheir free ends pointing away from 
each otlier, form a syi^iein 
of radiator and receiver 
which has greater range 
in that position than io. 
atij' other for the gntne 
distance, and hence has 
directive qua1itii>H not 
possessed by the ordinary 
vertical iintennie. 

Although r have given 
tlie mathematical expla¬ 
nation of the reasons for 
this in another place^^ it 
is not difficult to trans- 
late the common sense of 
it into nnnsymbolic lan¬ 
guage. Imagine a squnre circuit ot wire half burjefl vertically in 

f TliSff la nn exteaaion io cJectrlc raitlatlim of lia* iwmcapk known iLs* l*'rt 5 v 4 ^eiiV 
Thmry ot £Li:etuiJj|:et», as amiiUnua bj Bo I fear i^iewnit and Klrrldiutr, 
foniiB llM? of B^fKKrtruiiJi niuiljalB lulil doim by Btuke*, Kln hliuir, 
and otliera. 

^ See "A Niute an tin? Tlwry of Directive Antettuflep''' Free. Key. s^oe. Lond.p 
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the earth. (See JJg. 17^) n ciirrent be ^^llppof^^d to flow rouud 
iU in eloelrwise direction. Then it creJiiLes a magnetic field, the 
ilireetion nf wluch along the surface of the earth in a direction at 
right to ilie plane of the circuit, and at eqiiril tlistiinces fi'orii 

ihe conterj is toward the ^fpectator tni Ik^Qi sides. SupiMjsi^, then^ 
that a wire equal in length to cme side of the square is pliiced in 
wnligiiity to one verticiil siJct fttnl that it carries n current opjju- 
site in direction to that Ln the iiide of the wpiHrc (sa 3 ^ the right- 
hand side) to which it is in prosiniih'. Then the magnetic field of 
this sLmiglit cnrreiit is from the speetjitor at the rightdiand side anti 
to the spec tutor on the left-hand side* Accordingly, the total field on 
the right-hand side, due to tUo currents in the closed and open ctr- 
ciiits together, is lear than lliat on the left, because the individual 
fields are added on one side and subtracloil on tlio other. Since the 
two oppoHitply ilii>?ct(!d currents in the adjacent wmm inaj' be imag¬ 
ined to come HO close as to annul 
each otlier, and wince the parts uf 
the remainder l>ehjw ground may 
l>e consideretl to be removed with¬ 
out affecl ingtbo field alKjve grouiiih 
we arrive at the conclusion that an 
antenna pa lily vertical and partly 
horisfOTital radiates tnoHt strong!}* 
in the direction opposite lo that in 
whidi the free end ^MUtiUs, 

iilr. Jlarconi discovered this fact 
experiment ally j and made meas¬ 
urements of the currents induced 
in receiving antenna placed at 
equal distances round this he lit 
transmitter, [ind plotted the results 
in the foriii of ji poktr curve* (Bee fig. IS.) Ajs a quantitative rt'ceiv- 
ing detector lie inadc nse of a Duddell's thennal ammeter. In repent¬ 
ing- anil t'onfirming tliCisc experiments on a smaller scale liiwl summer 
in the grass quadrntigic of University College, I employed a form of 
tliermul ammeter of my own design, made as follows^ A vacuum 
vessel made like those which Sir plames I>ewar devised for storing 
liquid gases has four pint jniim wires sealed through the lx>ltam of the 
inner test tidx?. One pair of these is connected in the vucuunH space 
hy an exticiiiely fine constant in Wirt! uiiiJ tbt* otlicr pnir by n fiiip 
totluriuni'bisriiiitli Hiermo-juQt'iion, with (lii; jumition rcstiiig on tho 
lino wiro. (Soo fig:, ID,) ^Vheri u f^ulviiinainok'r of suitablo rutfist- 
fttiL-e is connoutui] to I lie termiimlH of tiie themiO'fitnction iind tli« enn- 
stabtin wtrr in! 7 rrlvd in the circuit of the receiving ntitcima we hove 
tin iirrnngi'ineiit which ennbJeii us t« nieasnrc us well us detect the in¬ 
tensity of the electric waves incident on the antenna. This detector, 
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skillfully made by my assistant, Mr^ Dyke, proved very imfuL I 
was thus able to confinn Jlr. Mflnxmr^ observations and 013^ own 
theory of them, and furLhermore noticed that when the nonvertieul 
part of the irunsniitting antenna was bent so that it was not hprl^ 

zontal blit pointed downwiirds, a 
very remarkable non.^3"ntrneLry of 
radiation occurred. Cfuite^ however, 
accounted for by theory. (See 
fig. ^«) hir. Alarcon i lias made 
very effective practical use of the 
l«nt receiving antenna to locate the 
position of a ship or station send¬ 
ing out elect ric^wave messages 
when so far off as to be Iselow' the 
horizon. 

Ill this case he arranges the rc* 
cciving antenna so that a veiy short 
part is vertical and Uie greater 
part hori^^ontab furthermore 
permits I he horizontal part to Ixi 
swiveled round tlic vertical part m a center. In the vertical i>ortion 
hr places his magzietic or sf>nse other defector* If, then, there he a 
distant Nation in correspondence with this receiver, the ilirection in 
which the transmitter lies caw be determined withm a few tleuFHs 
by swiveling round the 
receiving antenna ond not¬ 
ing the position in which 
It picks up signals or picks 
them up besd from this 
transmitter. The trans¬ 
mitter then lies in the di¬ 
rection oppofdte to that in 
which the free end of the 
receiver wire points. If It 
is not convenient to swivel 
round the horizontal por- 
tioiK then Marconi ar¬ 
ranges a number of hori¬ 
zontal rerciving antennae 
like the spoken of a wheel, 
all having a common 
shorter vertioil part as thcir center. (See fig. 21.) In the vertical 
part a magnetic detector is inserted, and meows of a switch any owe 
of the horizontal radial antewwse can be put in cejnnection with it, B}' 
ending which radial gives the atrongest aignais, tlic direction of tJm 
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sendm^r at at ion Ls cmlj tDcaled. It will Iw ^n, tberefon^y that two 
wpll-defined principles had been arrived al by Martroni. FirstT that 
the nons^vninietr^' of the radialioti and reception dcpends upon the ejii- 
ployment of antennee having their horizontal portions large compared 
with the vertical, and secondly, that the maxiniuin itidiation is in the 
tlimrliOii opposite to that in which the free end of the horizontal part 
points. ThesL^ observed effects rest on u sound scientific basis, and, os 
I have shown, are immediately dorivable from first principles^ 
Previously to MLimmLA e^eperiments no definite guiding principles 
as to directive telegraphy had been published, ljut a number of u^t^on- 
nceted oliscrrations made, not ahvays correctly interpreted or even 
descril^ed, and in any case witU limited appljcatipn. 

Aleatkwhile, hQwe\T?r, Prof. F. Braun, of Strassburg, hud been 
engaged on a ditferent plan for directing the radiation from antenna. 
Briefly stated, his method is as follows: He erecU three vertical 
antennae at the comers of an equi¬ 
lateral triangle, or four at the cor¬ 
ners of a scpiare, tlie siile^s of which 
are about equal to the height of the 
anteiiiiie, «nd lie creates in Uiem 
electrical u^ilbiions which have a 
defineiJ and ccm^lant difference of 
phase by methods cotitrl>' 0 d by 
him, Doctors Pnpalini and >Iiui- 
delstam, not yet fully describetL 
It is found that the wavfes sent off 
from these three antennre interfere 
with each otlier in an opticzil senseni 
exalting each other in some direc¬ 
tions ami nullifying each c^lior in nawntui. 

other direclions, in accordance with their relative n in pi itnde and phase 
difference* Tlie resiiUant effect cun f>e so arranged tImL tho radial ion 
is extremely uns^nimetrical, being much more toward one side than 
the oOier. Tlie intensity in variou^s azimuths timy Ik* represented by 
the t^adii nedon.'s of a sort of oval or heart-shaped curve, the triple 
transmitter occupying a position on the cusp or apex of the curve, 
(See fig. S2'2.) It. will be seen, therefore, that popular notions on the 
subject tjf directive telegraphy are wide of the mark. Whilst can 
not yet. |jrcjject a narrow beam of long-wove electric radiation in any 
required direriion, or focus it entirely on a given receiving station at 
a gfeiit distance, much can be done to prevent radtation being son! out 
from tnmsmitters in directions in which it is of no im or not desiml 
At coast stations communicating with ships at isca something has 
already been done to achieve this result. Mr. Marconi lias fur some 
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liiMii past employed sueh diec^Uve ttnleiinp; at Ids; ]nrg«> power stutinoK 
Jit Poldhu and elsewhen.'^ 

Thrse^ then, ore a few of the contributions whldi have recently 
been jnatlo by pruetkians junl theorists to this fasdoating and pro- 
gmssivc subject. Rut whilst we may congratukto ourselves that 
progress coiitiiiuea to bo tiiadc^ there arc .'‘till large districts of It in 
which oiir knnwleclge is titost incomjdcte. One nuitter having a very 
practical bearing Is the necessity for systemutic study of tlte caiis^ 
which vary the tninsiMireiicy of space to lotig eloetric waves- You 
will continually sec references in iho daily papere to ijioiated feats of 
coiiiiuunicatioii between ship and aliip, or ship and shore, over un- 
t^ually large distances. Shiffci equipped with what is culled short- 
(lisidto (■ appnrsLtus- that is intended to send and xecc^i^'o over 299 
iiiilea or so, arc able occasionally to conimunicote with others COO, 800, 

or even 1,000 miles away. This is 
not altogeihei' a matter of personal 
skill or of apparatus. Our terre-s- 
trial atniosphero varies from day tu 
<lay unci hour to hour in its trnns- 
pareiicy to long telegraphio electric 
Wiives, just as It docs to the short 
1 ight waves. One reason, and prob¬ 
ably 11 valid one, which has been nd- 
vtiiiced lor this is tlie lOidzutlon of 
the atmosphere by sunlight, radio¬ 
active mntter, or matter electrically 
charged reaching our earth from 
the sun or custidcal space. These 
iotis nr clcelricully chargin] par¬ 
ticles .su.'jpended in tlie air are set 
in motion by the electric force of long electric waves passing 
through the region. This, however, involves energy which must 
l«! taken from the wave, and hence the wnvo passes on so much the 
irca kvr. This effect i 3 a Itf»ge1 her d i ffe rent f lom the dkt urbtng effects 
of atmosxiherk- electricity on the receiving antenna. As first noticed 
by ill’, ifarconi on one of Ids Atlantic voyages, the atmospherk 
transparency for long electric waves is decreased by daylight and 
this reduciug effect of light on the wave energy takes place chielly 
near the transmitting antemia where the electric force b hugest. It 
fluctuates fmm hour to hour and munth to month according to laws as 
yet undetennined, and has no doutn secular and irregulnr fliicluations 
snperjKiseiJ on its regular variations. The subject of long-distance 
wireless tei^raphi' is j'ei too young to provide observations for any 
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»ife genf^rallstatioriB on thh iimtter^ but doubtless these trUI be aocn- 
malatcd in course of time. 

Wireless telegraphy has now reached a position of such importatice, 
especially in connection with supcrmarine eommuiiications that scien^ 
tific nssearch for its advancement should hnve the ntmoBt possible 
cncoiiragenient, subject* of course, to the considerutton that there is 
only one ether for us all. Whilst we derive sutisfadion from the 
thought that so much valuable discovery” and inTcnticin has already 
rewarded the labors of workern in many lands, we have but to glance 
around us to sec in all directions^ in con need oti with it, unsolved prob¬ 
lems, iiiitrodden paths, wide delds of knowledge tip© for harv^ in 
which the sickle of the reaper has never yet been movwb 
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ox TTTE PROPERTIES AXI> XATURES OF VARIOUS 
FXECTRIC RADIATIONS. * 


Hy W* Ff, BfUGfl, M, F, It. ^ 

Kia^r Profeiforttf i^lit^pmatk'^l ami fliysict In Ihti rnlvrrtltii of AdetaiJr. 


"We are now aware of the existence of a number of ilifTeront types 
of radiation, each of which is able to ionize a ga^^ to act on n photo- 
graphic pWe, and to esclte phosphorescence in certain materials. 
Of tlicse iJic a and canal rays consist of positively charged particles 
of atomic inagtiitiide; the cathode and /3 rays are negative rays, and 
consist of electrons;: tlie X and y rays are supposed to bo ether pulses j 
and ultra-violet light consists of short ether waves. The 6 rays stand 
by themselves, for, though they consist of negHtive electrons like the 
catliode and ^ rays, they have so small r velocity that tliey possess no 
appreciable ionizing powers. 

The present paper contains, in tbo first plaec, an attempt to find 
■whether there is anything to be learned from a comparison of the 
properties of the varioui^ mys; andj in the second place, a [liscussion 
of iho |jossibilily that tbe y and X rays may lx; of a material nature. 
It appears to nic to Iw a first deduction from such a coniparison 
lliat in all cases the bulk of the ionization which the raya ofTect is of 
the snnie character, mid consists in the displacement of slow-tnoving 
electrons, or 5 rays, from the atoms of the gas or other subitance 
which lliey traverse. Let us consider tlie various raya in turn. 

In the case of tlie cathodis rays this principle has been clearly 
i“ftablished by Tjenard in the course of his long aeries of beautiful 
e.vperimeiiU He has shown that cathode rays of the most varied 
speeds, impinging on bodies of various hinds, or traversing diffcroiit 
ga,ses, cause the liberation of slow-specd electrons fttun the atoms of 
the solid or gas. The sjjeed of the electrons is in evi-rv case that due 
to the fall through less than ten rolls. This is in no way a contradic¬ 
tion of the fact that cathode rays of high speed are also liberated 
from a solid surface struck by p rimary cathode rays; or from ntoms 

- IlMa liefoftj thr Boj-al Society of f;o„tL Aiwtralfa to two iiarte: tUe flrst on 
May 7, 10OT. tin? ftwonJ on June 4, 1W7. ItoorlDtcd, liy inKrmlwton, from the 
Phliii9opliJ(3)Ll MagDEtQQ fur Oct&lieri 1907^ 





idG 


ASNUAi REPORT SMITHSOKIAJS LNSTITUTIOS, ll»7. 


of a gHS through which the jjriniaiy ruya pu!^. But, wliether these 
high-speed secondary rays are scattered primary ra 3 's, or are tnie sec- 
otidarv ruys, they must in their Him prcwltiL’e electrons of slow speed 
ill the gas tlimiigh whieh they pass^ and so, directly or indirectly, by 
priiniity or aocxindsry or tertiary or rays still more trunsforined, 
eTeiitiiiiUy the gteui majority of the elcct^rons set free in the ioniza¬ 
tion ehamtier of orxlinary experiment arc of the slow-speed lypH>. 

In tlio cage of the a rays there is uhiindunt evidenoci that their im¬ 
pact on, or emergence from, solid surfaces caijFt>s tJie ejection of hIow- 
fpeed electrons. [J. J. Tliomsoii, Cambridge Phil. Soc, Trans., Feb¬ 
ruary, 1905 ; KuLherfoid, “ Nature," March ii, 1905: Logeman, Proc. 
Boy. Soc., September, im.) Now, it is generally characteristic of 
. ail theso electric rudiatioiw that they are concerned with the in- 
d^udual atoms and molecules, and tbitt they do not recognize anv 
differcnc* lictween the atom in the solid and tlw atom in tlie gaseous 
mndition, Conseqnently, there is every reason to suppose that the 
heavy ionization caused by an « particle in traversing u gas consists 
in the production of the same slow-spcetl electrons as arc set free 
from a solid, nml indeed no tnice of faster-moving elect ron.s has ev^r 
been found. The slow speed electrons originated by a rays luive l>een 
called a rays, and the tenii may be applied to nil attch slow-speed elft> 
trojiH afi lv^^ are now cori&iduring, 

Agnin, it has Ijeen shown by Fuchtlainer (Phys. Zeit.. November 1 
1900) that S rays are emitted fnan a metal surface stniclt by canal ravsj 
and here olso there Is every reason to supposo tjiat gits molecules 
-stniek by such rays emit the some S particles. The same imthor has 
Khowt, by n direct eomiMrison that the velocity of these particles is 
the same as that of the S rays displaced by cathode rava, i. c„ a^ut 
.1.3X10' emViO^., or the velocitv* due to ul»ut SO volts, a velocitv oniv 
^Iiglllly larger than that found by l^nard. 

As rejpirds 0 and y rnys, it is truo that is boi, not been definitelv 
proved that most of the ionization whicli thev cause is of the « tvw 
But tli ,5 may lie inferretl from well-known experiments, such ^ 
those of Durack (Phil. .Mag., May. ia03), or MiClelland (Trans. 

1 oy. Dab. Soc.. February, 190fJ). Wlien a pencil of 0 radiation is 
allowed to cross an lomziition chamber normally, and full upon the 
opposite wal. it give.^ rise to a secondaiy ionization, less in quantity 
hut not nuich less m speed than the primaiy. A tertiarv iwdiati™ 
IS caused by the sceont ary rays if they impinge on the walls of the 
chamher, and there will doubtless be still further derivations. But 
It appears that the quantity of the derived radiations dies awav 
much more qmckly than the speed. Thus the chamber ia cro^d 
and tvHrrtoised (a few times) by electrons of high speed, able to tra 
verse an average path of about 100 cm. in air at atmospheric pre^ 
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sure. If the (^hnniber h first jiiitl nir |Tniilu4iUy mlmitted. 

It is fottnd tliiU llio nimiber of ions priKlncfid by the* p rays is pro- 
pnrtional to the pressiirt?* The paths of thi* 0 rays wiJl nut \)q 
appreciably alTei'iteiJ by the introdnetiDn of the air; anti so the c^t- 
iwrinsental t'esults are consistent with the siiiijde Ijypotlicsis that 
the 0 particle {priiniiry or sefonihniy^) mukes sloW'Sjiccd ions in 
prtjpoilion to the numlior of «us atoms traversed. Xor clws any 
other hypothms seem to lie cotLsistent with (lie facts. It can not 
Irtf snpposeil tliat the hulk of tlie lonisfation which is caused in the 
ioui^aI Ion chamlier eon^ttsts of hifrh-speetl secondary niys, tliqught 
of course^ ^l5ese are origin a tef] when the primaiy^ rays strike the 
iiietnl surface of the chamijer, and to a small extent when they sirike 
gas iiioleciiles. For if nil the negative electrons set free by the 0 
were of higli veJecitv we shoald expect certain elfec^U, as may 
Ht’pri from tbe followinjii considerntions. and none of iIichg effects 
have been obscrs’cd. 

Kutberfon] has shown (“ ad inactivity,’' 2d edition, p, 434) that 
I be a particle of Ha makcii aliout SG-OOtl ions in air; that niie ^ 
particle is emitted from Ihi for every four a particles; and that the 
iDUization due to fi particles is of the order of 1 per cent of that due 
to 4 particles in llie crasi* of liu in eciuilihriunv. Thus the ^ particle 
of Ea piTHluces some lliousands of ions. This is also evident from 
(he e 2 £periment.s of Hurjitli (Phil, ^lae:., May. lfK)3>, wlio has shown 
that the ^ particle produces about 130 ions per ctn* in air at atmos¬ 
pheric piessure. Now, ihe (1 particle runs a courec in the ofwn air 
of uh uverape length of 100 cm. This leads to atl esfimalc of its 
ionisoition even gre,iter than that nbtainwl by Eutlu'rford. If all 
the electrons, so liberate^!, had a high velocity, the energy set free 
would Im! out of all proporlion to that of the original )S particle. Yet 
if we are to ascribe a high velotuty to tlie electrons set free, it must bo 
a veiy high one, for it hag Ix-en shown by Allen (Thys, lie view, 
August, llKMl). that the secondary rndiation. of ^ rays consists of 
electrons moving with a speed approximating to that of the priniarv. 
We can not suppose that all these electrona aro of this high-speed 
fyiw. iMorcover, if lidw were the ciiae, the free path of such electrons 
would Iwcome comparable with the dimensions of the ionlyjition 
chamber, when the air pee®iire was only moderately reduced, and 
the electrons would then bo Iwyond the control of the electric field. 
1'hus the ioni/JilLon would not U' proportional to the air pressure, 
as was found by Durack and McClelland. The difficulty as to the 
i'ticrgj' is not obviated by supposing each primary' ^ particle to set 
free only a few secondary electrona of high speed, each of these to 
become in turn the originator of a few moi-e. and so on. For if that 
were the case, a reduction of gas pressure would imply, not only 
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that each pHmsrj electron ect free fewer swcmdaiT electronst but 
that each of the latter jiet frw fewer lertbrics, and so on, so tliat 
the ionization tvniild fall at n far greater rate than the* preAsiire ns 
tioon as the free path of the electrewis became comparable with the 
dimensions o^f the chamber. And, again, the p mys differ only in 
sj>eed from c^thoile mys, which produce (pinntities of slow-npcetl 
electron-s even where their own velocity is great. 

For these reasons J think it mtisi be conchided that the 0 particle 
(and any higli^speed secondary) produces slow-speed electrons along 
its path, in very iiiucb tJje same way ns the □ particle docs, though 
Dot in such great numbers. The higli'Sjieerl secondary rays, stiiditKl 
by Mc( Icllnnd, Allen, and others, are but few in nurnWr compared 
to the slow^speed electrons, though their greater energy' puts them 
more in evidence, Mct^lclland concludes from his experiment thot 
tlie 0 rays do not produce any slow-speed electrons, wlien they strike 
a metal surface, which are comparable in numiter with the electrons 
displaced in the gas through whicli they have passed. This Us <}uile 
Consistent with wluit has Ijccn said above. There niiist< be a few, 
but the number to be expected is ijuite small, for the 0 electrons dive 
so deep into the metal which they strike, and ionize so few of the 
molecules through which they jaiss, that very few of the alow-speed, 
higlily absorbable electron.'i can be discharged from the surface of 
the plate. Even in the case of the « particle these electrons arc not 
readily obsen'ctl; in the ease of the 0 jiarticle the difficulty must l»e 
inticli greater. 

As regards X rays, we have no such accurate measurements of the 
Telocities of the electrons which are ejected from the molecules of a 
gas truverseil by the rays, as we have in the ca^e of the cathoile rays, 
so far as 1 ain awart*. But a very large amount of labor has been 
sjasnl on tile investigation of the secondary radiation caused by the 
X rnya, from which we may gather much indirect evidence on the 
point, Perrm tAniu Chim. Phys., XI, p. m, JR07) has shown that 
the rale of production of ions lasr cc. by rays of given intensity is 
proportional to the pressure of the gas. Again, we know from the 
investigations of Curie and Sagnne, Townsend and Barkk that 
melaU struck Ijy X rays ret uni a secondary radiation, which, in the 
case of the low ntotuic weights, may be considered to consist princi¬ 
pally of pattered primary radiation, and in the case of the high 
atomic weights to contain Ixitli X rays more absorluahle than the pri¬ 
mary and cathode rays. Dom has shown that the latter have speeds 
averaging about 5X10" cm., so that they must produce conaderable 
ionization, consistiiig of S rays, tn the few millimeters of air close to 
the metal. The free path of electron.^ having this speed is about one 
millimeter in air at aimofiphertc pressure. Since the X 1 * 0 vs do not 
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api^r to ptwluw caUiwk rays of any stand frotu the air molecules 
wliich they traverse, or from the raolocules of any gas cotiaistitig of 
atoms of atoall weigJit, and since they produce much ionization in 
some or otlier, Vfc mnj* wmclude fairly Uiat they produtie slov- 
speed ions thcitiselvea« 'Ihus, ivhether they act directlv or indirectly 
tlirougU cathode rays, the result is the s^tne. Tlia pVincipii] effect 
apix'ars to be due rather to secondary than primary. As jiamme re- 
murkn C him. Pliya., XXIII, p. llKl), The transformation of 

X rays, by mcreaHing the activity at any point, jiermits lUa detect ion 
there of very r>enetratitig X rays, which would otherwise have pa-Ssed 
tinf>LTceive<^L-^ 

In the case of the y rays, such evidenoo as we have ia also in favor 
of the existence of slow-speed ions, as the result of their action. It 
li known that ^ rays of high speed originate where thev strike the 
molwulcfl of a solid bofly (Eve, Phil, Mag,, December, IPM); such 
an action may, therefore, 1« ezpectdl in the case of gas molceiiles also, 
ft IS possible, however, that there may be a differential effect in rc- 
sjiecl to lioa^'y and light atoms, aa in tlic case of the X ravs, Thr B 
rnys will prodm^e S rays in their turn; and if, as is proliabiy tlie case, 
tlie y rays are ihcraselves ablo to ionize, the product will consist of £ 
mys, a coiiclusjon which msy Iw safely adopter] from the analogies of 
the catiKHle rays on the one hand and tlio X rays and ultra-violet 
light on the other. An in the case of the hard X rays, the existence 
of y niys is often mads dciir by the secondary effects which thev 
pnxlijoe, ns has been shown by Becquerel. 

To Slim Up what has been Kaid, the ionization which we measure in 
the ionization chainInsr is almost wholly due to the emisaion of slow- 
speed eleeirons from tlie Rtonu! of the gas contained in the chamber 
or of tbo ehanil«T walls; and this is true for all forms of radiation. 

Jloreover, Liiero is some evidence to show that the speed of the S 
rays is ahiioat Independent of the cause and manner of their produc¬ 
tion, As has already been said, Fuchtbauer found tlip velocitv i>f 
tlie a rays, caused by canal ray*s, to be almut a 3X10’, and the same 
in the ease of cathode rays. Txigeman found the velocitv of the S 
rays, emitted from a plate struck hy « rays, to be such that* thev were 
deffccted Ijy a weak magnetic (ield. Ewers found (Phys.* 2eit„ 

^ polonium to possess a speed of 3.S5XI<1*, 

U Jth the^ may be compared I^enard’s estimate, viz, lO", of tlic speed 
with which the ions leave a plate struck by ultra-violet liglit. It 
^ms probable that we have here a critical speed for the electron. 
Uelow this It IS not able to leave the parent atom. If its velocity 
exceeds the cntjual snmnnt it possesses powenff of penMratiem nnd of 
causing ionization^ the extent of these power?4 dependhiiif on Jhc 
excess. 
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I'he exigence of u comiuon spc^d for all S my& maj. of cour^ 5 l^, 
imply that liia ejection is not directly effected hy tho lonizing^ agents 
but that tlio latter simply precipitates the di^hargn\ A man runnji^jr 
through a battery might pull the trigger.*? of some or all of the guns 
wiiich it oontainech and tbe velocity of the shot would not depend on 
the strengtli of the man, nor the rate at which he tnn^ nor how mueli 
he spent in the transit. And so it may 1 m understood why S 
mys Jire projected at a specil which is independent of the nature of 
the agont^ as has been said alwve. So also it appears to he iiide- 
pendent of the intensity of the agent^s action, Fuchtbaiier found tlie. 
velocity of the £ ra^'s produced by canal rays to be independent of iho 
intensity of the primarj' rays; fjcnard found the some for ultm- 
vinlet ligliii 

In my own experiments on the a rays (Phil, ilag., March, 190T)^ 
I have brought forward evidence to show lliat the amoiitiL of ion ism* 
tioii produced in an atom is proportional to the volume of the atom 
approxiutaSely. Taking tbU, in conjunction widi the nil® tJnit. the 
ionization protluctd in a gas is nearly pro^MrtJonal to the invcj^ of 
the speed, we have the very simple, if approximate, law that the 
ionisation produiTod by an a particle in any atom tinder iiny oireum- 
stances is inversely jiroporlional to the time spent inside the atom. 
Tlib appears to point to the ionization as purely j\ trigger effect* Xot 
that the a particle s]>ends no energy in the atom; it is dear it must do 
so, since its speed is graduaJJy reduced, hut tliere is not a direct cun- 
neclion between the energy spent and the numb[^r of ions produced. 
Blit whatever energy" the ionizing agent may 5i>end, or in what¬ 
ever w ay it may spend it, it scorns likely that the ysuc of the ^ particle 
is the result of some disruption in the atom, or subutoni^ which is the 
snuic for all atonic and under all oireumstam^ 

If we tiim our attentio]] now to all secondary rndiation other than 
die Z mys*, it seems to be, in geJieral, a rough reflection or scattering 
of the priiuaiy\ AlUm has show’n that there is only a little vc- 
locit}' in the secondary rays than in the primary rays, or in the ter¬ 
tiary than in the secondary. JlcClcllnnd has measured the total ioni- 
jKation produced hy the secondary as compared with the priinarv 
radiation; and since he used a small ionization chamber with which 
he explored the whole space traversed by the secondary mys, which 
chamber tlie secondarj* rays would, as a rule, completely miys if they 
entered it, it may be taken that be really compim!d the mimber of ^ 
particles in the secondarr beam with the number of in the pri- 
mary* The numbers w'hich be obtained varied from 15 per cent to 
m per f?ent, according to the substance, which h the order of things 
we should expect if the secondary were ^^imply scattered primary 
radial ion. Again, die W of velocity of the cjii diode particles, w hicli 
is foiiUfl to oeeur on scattering at u plate, pret.uming the seeoiularv 
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mdiatioii to bo tfcattcreJ primsry, iti just what we should erpeot. Iq 
thfj case of ihe 4 rays no secondary radiation other ttian S has 
been found - hut a small rcnection of canal rays has liccn oljMrvcd. 
e. g., by Fuchtbaiier. {Phys. Zeit,, llarch 1, IftOC.) Riirkla has 
shown that the secondary radiation produced by X rays consists in 
part of scattered primary radiation, especially when the surfnie 
struck IS of material whose atoinic weight is low. The only cases in 
which a secondary nidiaUon appears that is neither S radiation nor 
n-Uected pmnary raj ,-5 are those in ivhich rays arc pro^hiced at the 
impact of X or y rays, and in which X rays are produced by cathode 
it ts remarkable that in the former of these cases there is ven^ 
great difficulty in accounting for the high speed which is possessotl 
by tho Mcondnry radiation, caused by X rays and y ravs. (Wien 
Ann d. Phys., December 28, l£l05.) It may well be that' further re- 
sea^li will bring these cases into better agreement with tho rest. 

rha ne.yt question which it is interesting to consider in relation to 
the various t.v-pes of radiation is that of the law of absorption in pass¬ 
ing through matter. * 

Absorption in tho case of the materia] radifllions appears to be duo 
to two mam causis: Ixjes of energy, which causes a gradual loss of 
Sliced, and scattermg, which means a diminution in the number of 
particlis in the primary lieam. There is a possibility of a third, vix, 
nli^rption of the flying particle by an atom whicli it is traversing. 

in tho ease of the * particle, I have shown that the first of these 
eam«3 oi>enites alone, so that the particle pursues a rectilinear cour^ 
Ifiroiighout Its career. (Australasian A.ssociation for the Advance¬ 
ment of .Science, January, im; Phil, ilag., December, IflW.) It is 
the abst'iice of any effective amount of scattering that makes the studv 
of the motion of an individual a particle comparatively simple. The 
033 of ener^' m traversing an atom, or more exactly the probable 
in cTOKing a given space occupied by an atom, is nearly propor¬ 
tional to the square root of the atomic weight, and the effects appear 
to Ije exactly additive. 

On the ot'her hand, if we consider a stream of /} particles projcctwl 
into matter, and attempt to find the history of their motion, we uru 
faced w, h a problem of great complexity. If we look for an answer 
exp^i statistically, wo must find the number of iiartieles in each 
miL volume of the absorbing matter as a function of the time, tho ve- 
locity, and the direction of motion. If, on die otlicr hand, we try to 
follow the motion of any one particle, we must find the chance that 
the particle considered has any particular position, vdoeity, and di- ' 
™ mn of motion at any given time^ which is really equivalent to 
finding the function pist mentioned. Moreover, the data are ven' im- 
certain. \V e know so little of the interior of the otom that w'e are 
iiUaUe to say with what forces the eWdrons will U- influenced when it 
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jwnetrfttcs withm j wIicUipTj for exnmple, we timy neglect thy action of 
tJic podtivfl electricity of the utom^ and consider only the e1eetron-s m 
repelling tho 0 particle w^ith a force varjdiig as the inverir*? s^jinuT of 
the distance, or whether we aro to consider positives and negatives 
arranged in doublets^ whose nioiaent willl^e the imt>orlazit ]>OH'er, and 
whose law of attraction will not that of the inverse square. It is 
a certain simpllhcotlon to suppose that scuttcriTig is mainly respon¬ 
sible for the fading away of a stream of particles The experi¬ 
ments of Allen, Ak'CleUaiuh and others show^ tliat the sccondan' ra¬ 
diation has a velocity not much lee^ than that of the primary| and, 
therefore, that this simplilication ii* jiistiliBble; though, clearly, it 
can not be pushed too far* This allows to concentrate our atten¬ 
tion on the deflections of the particles onlyj hut even then the diffi- 
cullies are still immense* It is not lihe ani' problem in the kinetic 
tiieory of gases^^ for there we deal with estahlishcd eonditioos: here 
with a gradual development from initial oondiiions-* 

But if we turn from the theoretical to the experimeiual investiga¬ 
tion wc find a much more encouraging pr<Kspcct- The experiments of 
I^-naixl ure practically a complete graphitTil solution of the cpic^inn* 
(Sec Taf. IV, WietL Ann*, Bd* 51.) We know that an assembiagje of 
atoms Uhavc.s jn^t the same in respect to these nidintious when it is 
condensed in a solid or spread out as a gas* Thus the skelches which 
I^niird gives us shewing the wav in which the cathode rays ilivarge 
from a small window jiiid scatter in going through various gosc$ at 
different densities must be quite applicable lo solids also* 

*tn hla Conduction of Etectrictir ihroupli Gases*"' St! vditloit. p. 370^ Dm* 
fvemt Tbumfioii In?eHtE};at^ Uio molLoa qI n atremu of ^ iiartleiw ttiroii^h an 
aasoi^ln),^ lujL>r, It nppf^r^ to me—E say It witti vofy irreat {lUtlUence—ihdt 
the Kotuttoh aoes not tnko □ true account af tho fuctBC. The »oliitToa may ba 
siahMj !»rlpfly thi3«: Taking m, r, w us the coiniioaetitB of tbo velocity V of tho 
movlfi^e cort^uacOo. an exprpasloa la found for the nrolinblo ehanRo Lii a at the 

n«tl ancounlof, rallliii^ thJa rhunac ^u, we hava —s/l, H^y where A' is a 

fuuctloii of thy mftsffl of the corpuBcle, thw cCft'ctlve mass of the okictma of tfi* 
ji!»stjr!diai^ hody^ the vyhiclty T of the corimflcle. whicli la taken as coDataiot^ Hit* 
atnmlc e^har^e, am! the ^lorteat ab^mocc between two cotipuscles in ibe atom* 
K Is theft by the pmbably ftiiuiher of cucouatern in muTloif n itlatanot.^ 

ix Gjo Ajcia of J* from whlcb follows an expoooutLal la w for u In tenus of i. 
It Eccom to mOp In the flrst plac+v Uuil, nenumln^ atteli a mnltinlitatlon to haco 
any mcanliij^ the proper factor HhouM Mvo b^n ffrvJiter than thnt ailojitod In 
fhct proportion of V to w, for In udvanelng a distance Hx alotii; the axEa of x the 
corpuHcle moves n dt-ttance not Ijt, If UiIh elian^ la mmle, the 

Dfintinl form dlHippeiirs from the an^wor. But apart from ttila it dora not 
win thnr the atep W JustmaMv nt all. It Is tnnULUioniit to patting the cor. 
pnricle Net In Its old tract after eaeli caeoiiater, and eqiilviilE^nt to iiegtecllnK 
ihe esiatence of the function oieutEoued nbove, and the uhsotnte necessity of 
toting It 
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^Jianl found llint his results could be for on the suppo- 

sitiuii dijit tbero was iiii absonnion according to an exponeutiftl law, 
over and above the weiikening due ttj spreading from a center. 

If a /s fnirttcie or cathode purtiilc were liable to complete absorp¬ 
tion by an iitoni which it entered, sndi an extwticntiwl hiw would 
result ut oiico. As a matter of fact, it. lonks as if several violent do- 
tlections might take plate iK'fore the liiial disajipeamncc of the par¬ 
ticle s activity. It looks, also, I think, as if deflections were usmillr 
not ut all great during the progress of tJie j^article flirnugh tho atom, 
hilt were apt to he severe when they did happen, a$ if, in fact, the 
field of force which deflected the particle was strong hut circum- 
scrilied. 1 his would happen if the positives and negatives were 
arratiged in doubleLs. ^^Hien a particle is deflected from a beam 
crossing u tlyn plate, it starts off im a new path which lends much 
Ic&s directly to the open air, and ifcs velocity is somewhat dlminisheil. 
It niuy bt*, therefore, Liuit the infrcriuency but severity of the parti¬ 
cles encounters makes it possible to look upon each encounter as uit 
absolute, or at least a UefUiite, loss to the stream, so that an oxihi- 
nential law I'esiilta. 

Certainly the application of this law to the interpretation of ex- 
r>erinients has had very great success, both in respect to cathode 
and to p and y mi's. As examples of the latter we may take Ruther¬ 
ford's dctertuinatioii of tlio absorption of the p rays of uranium and 
Godlewskis similar determination for actinium. (Jahrbuch der 
liad. und Elok., iJd. in, Heft 3, p, 15f>.} In experimente of this 
kind the radinting material is spreml evenly on a level surface, niid 
sheets of absorbing mtiterial are placi'd upon it, Tlie ionisation 
produced in the space above the sheets is compared with the thick¬ 
ness of the sheets, and the two variables are found to be connected 
together more or lejss exactly by an exponential law. There is some 
dillicuUy in deterniiiiiiig whether such iiieajiurements give more 
nearly tho number or the euorgj' of the stream of iiarticlcs whidi 
emerges from the plate, os Rutherford (“ Railioactivity,'’ 2d ed., p. 
m) and TlictmsQU (“ Conduction through (iuses,” 2d ed., p. 3T5) 
have jaunted mit. The point was also discussed in my address to 
Swtion A of the Australasian Association for tho Advancement of 
Science, punedin, 1904, pigu 09. „There is also un uncertainty due to 
the application of a formula to radiation from an assemblage of 
IKiints which is really only applicable to a piano wave, or w stream 
moving normally to the plate. If a jwiiit source of radiation is 
plawd liclow an absorbing plat® of thickness d, and there is a true 
(wfiieieiii of absorption A, tbe fraction that emerges from the fur- 
I ler sido of tho phi to is not e-Xd: much of the radiation passes 
obliquely through the plate and is absorbed to u greater degree 
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than that Ti-hic:!! passes normally* Thia has often bean pointed ont^ 
e. g., by X* R. Campbell (Phil. ApriJj 1005, ^1)^ w'lio also 

gives Bomo figwrE^' ttom nhicb the proper curve of absorption may 
l>e drawn. I am not aware, however, that it has l>een noticed that 
the form of tlie absorption curve, w'hliih is far from an exponential 
cort'C for a thiii radiating layer, approximates much more clo^sely 
to it for a thict radiating layer. And it is interesting to find that 
the experimental curves which are most nearly exponential are those 
for which the layers of radioactive material wero tliick com pa reel 
to tlie penetration of the rays under investigation. As examples, 
we tnay take those of uranium and actiniimi already nient icmeiL 
On the other hand, the cuiwe which IL Schmidt (Anin d, Phys., 
Bd. XXT, p. fiol) has obtained for the ^ rays of JlaC, the 
radiemetivo material being deposited in a very thin layer on metal 
foil, shows just about the amount of departure from tlio exijonentia! 
form which is to lie expecleil if the absorption is truly ex|:KUientiaL, 
and there is only one absorption coefficient, not two, as Schmidt lias 
suggested. 

The following figures give the proportional amount of the originiil 
radiation which passes through a plate of thickness n/A, w'here A is 
the absorption coefficient: (1) for a thin layer^ (2) fora thick layer. 
The figures are also givem f«r the ssbe of comparison, for the taise 
of a plane wave, or a jiencjl of rays passing through the plate 
normally^ 
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The absorption of a material need in a thin sheet naturally appears 
greater than the absorption when the thickness of imitcrial is in- 
creafled, because the rays which are moving obliquely are absorbed 
first. 

The absorption of y and X t$.ys appears to follow' a purely expo- 
nmlial law so far as experiment hag been made. Tlic S rays are 
absorbed by molecules immediately on tlieir production 
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Huvinfr thus discussed certjiiu properties? of the t^nrioua rays which 
do esi!?t, it seernii inUTeMiug^ to juake an attempt at the estimatioa 
of die profieiiit^ of sume rays which mifrbt exist, though the fact has 
not been proved as yet. Eadloaetive substances emit both positive 
iincl negative particles, li di^es out seem ot all out of place to con¬ 
sider the possibiliiT of the emi^ion of neutral part ides, such as, for 
example, a pair consisting' of one a or positive particle and one jS or 
negative partidc. The recent additions to our knowledge of ilm 
laws of absf>rptlnn of a and p particles give ns some grounds on 
which we may attempt to found an estimate of the pro]ierties tjf 
such pairs. 

Wu know that the a particle moves in a rectilinear course througli- 
out its whole range, and passes tJirougli the atomic which it encounters 
withoLit deflection. It not pursue a course which is straight 
nil the whole, but stigjtag in detail; the direction and amount of a 
particle in motion are the whole characteristics of that motion at any 
iiii^arit, and no memory of any previous motion exists- Tf^ there- 
fiire, a particle pursues u straight line in its motion as a ^vholc, it 
muMi keep to that line entirely and make no excursions fmm .siile to 
side, AVe must, therefore, suppose that an atom, or sit least an ^ 
particle, eudowi^l with sufficient speed, can pass directly through 
another silom without appreciable deflection. The u particle loses 
spctNil as it penetrates atoms iti this wav; ami there can he little doubt 
lliat its charge, that is to say, the field which is about it, is a main 
cause of this losg. of energy. But if a ^ particle is a^ocinted with 
the a panicle so tliat the tubes of induction jiasa from one particle to 
the other, add the field is greatly contractedt it would seem that the 
chief Cbiu^e of Uu- stopping of the a paHicle has Iw^n removed.“ The 
lieiietrating power of a pair might lie very great indeed, and its 
ionizing power correspondingly rcilnced; for, although there does 
not seem to lie a direct connection between mPTgy s^jent and Ioniza¬ 
tion pro^luced, tliere can be no doubt that the two are simultaneous. 
The limitation of the field of the pair would depend on its moment; 
if the latter were small, that Ls to say, if the positive and negative 
were close tcigetlier, the field would be more ciremuscrlived- It is, 
therefore, pasciible to provide for pair^ to have vaiydng penetrating 
and ionizing powers; a pair of aiiiall moment being a gtml pene* 
trator b[]t a bad ionizer* Such a pair would Iw incapable of dcfiectitiii 
bt-^ niagiielie or electric fields.^ and would show no refraction* It 
is conraivable that it might j^bow a one sided or polarization effect, 
for if it w'ere ejected from a rotating atom it would itself jmssesi an 
axis of rotatiom 


alEio niitlLcrfurEi'i^ItidlaactlYe TraiuimruwtlLiDa," a* 
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MTien X rays were first kiTe^tigated^ and again when y nijs wero 
discovcmL it was often auggestedi in each oase* that the radiation 
nlight oOiudst of material particles* Roiitgcii hifnjadf proposed In 
tlie llilrd of lus niemoinj a theory of this nature. But it wu^i alwuys 
fell tliat Uie diflicnlly of accoutiling for the great jietjetniLion of 
these radiaiiuns was instipcniible. It now Lhat this diflieulty 

wa^ quite exaggerated^ and even Ituaginary- It does not nppear uni 
of pliice^ therefore, toi reeuusider die pcsitiau in the light of nioro 
recent knowledge. 

Assuniing* then, that the neutral pair has great penetrating* but 
weak ionixitig poweits, is iminduonced by magnetic or electric fiehis* 
and shows no refracLioiij it doe$ so fax conform to the propurticti of 
the y ray. And, further^ if it has any ixiomeul at alh and ihei'cfore 
any esternal fiidd, it may at lost suffer some violent encounter which 
will resolve it into u positive and a negative, an a and u }I particle. 
Of these the ^ particle wonld l>e the one pob^se^sed of much the greater 
velocity* and would appear as a secondarj' ray. Thus, in the ludgh- 
iKirhnud of the point of impaett tin ioni?*ation would ap]>ear of tiiudi 
greater iiitetn-ity than nnytliiiig produced along the track of the pair 
itself- So Bec(|iiei*el has found tlie action of the y rays on a pholo- 
graphic plate to be almost entirely due to the seootulaty rays whidi 
they prodnoe. On this view the appearance of tlie secondary ray 
would lie really a scattering of the incident ray, and tins would make 
the y niy fall into line with other radiations whose secondary radia- 
tii^ns an? either .scaUercti primary or S rays* 

If the gradual disappearance of a stream of y radiation wore cniised 
hy collision in this w^ay. ttie number disappearing in any unit of 
length of the course* would be proportional to the total luiinlier in 
the stream^ ^ that an exponential law would remiU* 

It npix^ars, therefore, tliat all the known projH'rtii:^ of the y ruys 
arc satisfied on the Iiypothi^sls that they consist of neutral pairs- 

If the y my is material and c?ontabis an a particle, this fact, must 
Ix^ considered in reckoning the tiiiml^r and magnitude of the sleps 
fwm the atomic weight of radium to Lhat of lead. It has lKH.ai sug¬ 
gested to tne by my colleague, Doctor Bennie, that the rayle.ssi 
dianges of Ra niay really lx? accompanied hy the citiif^ion of neutral 
pairs of very hTuall moment. This adds another unknown factor to 
tlie calculation. The energy involved in such einhisiDus might be 
quite sniall, and, moreover, if pairs con lie taken up into atoms, so 
as to form new atoms, the whole of die cJiergy may not appear as 
heat 

It is interesting to carry the apecnlation a tittle fiirlher and to 
observe that a pair jKJSsessing a very cireumserilM*d field might enure 
lilile or no ionization, and be capable of very great penetration. Its 
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end might Vie imtirporation ’frith an atom traversefh Prnfesaar 
Putborford has suggested to me that such a fate nmy Ijefiill the n 
phtrtkle at tlie end of its range^ On this view it would Ix’i possible 
for a portion of ti dismtegrating atom to break away, lo pass over 
an appreeiahk ilistan<,?f‘j and linally to beoonie |jart of miotlicr a lorn, 
the atomic weight of which would l>e thereby iiicreoiied, Inieriml 
atomic energy^ luighf be Lran^feiTed at lire aajiie time. For if we 
siipj>ose that It is pOi^ibk for biotiiaof the internal energy of an atojn 
to be 1^1 free, and recent dis<x)veries seem to compel the sii]>[)Osition, 
then must also consider it possible for atoms to withdraw energy 
from circulation hukI add it to their internal if* Therefore* 

the handing of neutral pairw frtun one atom to another is a jjjxxx^s^i 
winch af^ttially oceui's, then matter and energy may l>e rniUitiiiiiliy 
Irafaiferrud fi‘om atom to atom wiElioiit our being aware of it: lln? 
w'bole t>[>c]^tioiL may lake place in a world aiiart. Wc can Jiot fid low 
it by iiulioactive tests, for the ioni/jition is so feeble; nor ehemieullyi 
l.»ci:aiise the nile of atomic change is fKi slow ; nor tliBrmally. l>ecaiise 
the energies appi'ar at no stage in tangible foniu 
Since the projjertics of y rays are amongst the proix^rties of X rayst 
an hyixJthcsis which will saiit one form of radiation will also so far 
suit the other. Out we know much more alKiut the hitler form of 
radjLtLtoii than we do about the former. It iaivf ititerest* (hen^fore, to 
consider the extent to which our additional knowledge tan he fit let] to 
a neutral pair liypothcsis. It is true, of course, tJml the ether puliH% 
ihenry lias l.x^n most ably dcvelopesK and is now widely actn^ptcil* 
Xeverthcless the evideuci^ for it is nil indirect: anil indeed ^ome of it 
is, 1 thinks u little overraledn It h quite possible that ctlicr pulses 
may not^ after nil* constitute the l>nlk of Rontgen radial lorn 1ft 
therefoi'es there is anything to l.hp said in favor of any other hypoth' 
eai>jj it seems right that it should he said and considered. 

l^ct us therefore for the moment siipimse the X rays to consist 
mainly of u slreani of neutral pain^ 

We have at oncss an exph^mition of the alisence of defl(H.*tion in 
plectric and magnetic fieldR iind of regular iietlectiun and refiiietioii. 
Tllcn^ dmiihl lx great penetration, whoye amount might vary witli 
Lhe momenta of the imirs, or the velocity, tf the hitter were a variable, 
can understand that a pair which struck a liglit and yielding 
ntum might lx returned unchatig^^d: yet if it struck a henvier and 
more resisting atom it might lx disuiranged tui as to acquire a gi'cater 
moment and thus to become a liellcr ionizer^ but more n^adily ab> 
sorbed; or it might lie shattered altogether^ g^'dng rise to a secoiulnry 
ray of the eathoLk type. The softer the riiy, i* e,. the greater I lie 
mooient of the pair, the more rcudily might thm be done* and I he 
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lighter tlie atom liiat vraultj d« it. (See J. J. TkoDiaon on Bartda^s 
r^^archfWj ElectricianApril 5^ iD07-) 

In order to explain these known effects on the ether-pulse theory 
it is net^esaary to supfKise that in liglil atoms the corpuscles are not 
appreciably acted on by forces due to other corpuscles, but that in 
heavy utums there is a strong mfliienee of this kind. In the former 
rase the tliickiiess of the secondin' pulse is the same o.s llml of the 
priniajy; in the latter it ia not. It is also necessary to suppose tlmt 
when the atom is liea>y enough to cause n modi Scat ion of the primary 
radiation, it differs from a light atom in such a way that thf? pulsse 
can cause cathode particles to be ejected at a speed due to thousands 
of whereas this is impossible with light atoms. 

If the cathode panicles in the X^ray tube so affect tho motion of 
all atom wliich they strike as to luako it throw off a pair, llien the 
plane of rotation of the pair will !:>e the same os that of the atom 
from wiiich it has come, ami will contain tho diriwtjon of die trans- 
latory motion of the pain The pair will iliereforc be able to show 
polarization elfectSj and if such a pair falls upon a reflecting surface, 
it is not unn-usonable to suppose that it is liable to l>e taken up only 
by an atom revolving in the same plane^ and sometimes to I ms ejected 
ugaim Thus its subsequent rotation and translation will continue to 
take place in the cue plane. The tertiaiy ray will therefore S>c 
strongest when it is in the same plane as the primarj and sccondai^^; 
and thh is BarklaV i>DlarlzJiition effevl. 

If the X rev is an ether pulse^ it b difficult to understand why the 
spreading pulse affects 30 few of the atoms passed over (“ Conduce 
tion of Electricity Qirough Gases,*^ pp. 2fM^207)^ why the high-spcjc^l 
stfcoiitlary cathode lays are ejected with a velocity which is iudrpeud- 
piit of the intensity of the pulw, and why U sluciuld be ubic to exereisc 
ionising powers w'hen its energy is distributeil over so w^idc a surfnee 
as that of n sphere «f say 10 or 20 ft^it radius. All these pheiioinena 
are more simply explained if we suppose the ray to a noiitnil pair 
w hich liis ordy a locftl uctionj i. c.^ can only affect the molecules on its 
j>aih, w hich cam puiictrnte to great distances in iiir^ losing litfle spml 
as it gocst wnd which gives rise to a cathode ray wdien it is bixjkcn by 
impact. 

It siiHMiis to me tlmt the materjal-nature hypotbesi^^ shows 10 advan- 
tiigo when we consider tlic secoodBry radiation of tho X rays. The 
rays cause tho eniisslcn of cathode toys whose speed averages about 
5X10*. (Dorn.) We have no experience of any ether wave caus¬ 
ing the etnlssioii of any hut fi raj^^ h electrons with a speed of 
about Iff*- It can hardly be said that differences in intensity of 
tho ether pul^ can account for ihb remarkable contrast, for the 
speed of the rays caused by ultra-violet light has been shown by 
I^'imrd to be indejicndent of the intensity of the lights and the vc- 



ELLECTRIC RADIATIONS-BBAOO. 


S03 

locitj of ibc X-ray secondary nidialioii does not depend on the 
intensity of the X rays* It may be argued that the breadth of the 
puL^ is the prime factor, on the gronuLLi tliat Lenard found the 
velocity of tlie S rays due to ultra-violet light to depend ^^oniewhat 
on ilie nature of the light; but it is hard to believe that a diminu¬ 
tion of the whhh of the pube^ no matter how extreme, can increuso 
the energy of the ejectinl electron about a thousand times. 

But if we regard the secondary radiation as the result of the 
break-up of a neuiral pair^ the high velfx;ity of the ejected electron 
(oXiO”) may be more readily explained. The action riuist be en¬ 
tirely diilereni fitini that of ultm-violet light. 

It is difKcuIt to found any arguments for or against either tht>ory 
on considerations of tbe relative energies of the original cathode 
sti^iain* the X ruys, and the secondary rays, for if the energies of 
uriy trauBfornintJun do not balunce, it is easy to square the account 
by populating either some release of the internal energy of the ulnm^ 
or the rever^^e, viz, the absorption of energy i>y the atom involving 
H dbappearaJice of the rLsible energy. On the neutral-pair hvpothr- 
the cathode rays would probably have a triggiT nation, and tbe 
pairbi would draw their energy from that Internal to the atom; it 
might not be nocessnrv to invoke the aid of internal utoinic energy 
in order to nceoimt fur the energTi’ of the secondary radiation. In 
the case of the ether-pulse theory it b nece^rj to suppose that the 
secondarj' radiation derives its energy" from ihe atom’s store. Con- 
ductluii of Electricity through Ga^es,"* p. It is not rlc-ar 

whether mth ii call must also be made at the transfuniiaLion of 
cathode into X rays. The whole que^ion, taken into conjunction 
with the diffraction experiments of Ilaga and IVind, has lately been 
umlcr discussion by Wien (Ann. d, Phys., XVIII, p. Dftl, 1905; 
XXIIy pp 703,1907) and Van der Waals. jr. (Ann. d, Phys., XXII. p, 
003,19D7), hut no definite conclusion is reached. 

It is not cEis}' to how ilie irregular stuppoge of the cathode 
particles can give rise to pulses of sulBcient deffniiiou and uniformity 
to show di ffracLion^ It would be easier to explain such an effect as the 
result of uniform disturbanccss arising when paira of unifonii nature 
are tom from the atoms of the anode. 

On the ether-pulse theor}" hard X rays are supposed to bo thin 
pubes, soft vnys to bo thick pubes. Swrift caihotle particles aro sup- 
|>f>sed to take less time in detiocting and stopping than slower parti¬ 
cles, and therefore to give rise to thinner pulisos. On the other thcviry 
we must suppot^ that llie rays are hard when the momeotB of the 
pairs are small, or possibly that hardness is duo to high velocity. If 
llio former b the case, it may bo that fast catJiode particles spend 
time within tlie anode atoms tliiin the slow ones doj and therefore db- 
arraiige the paii's Ictja before they are ejected. 
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Therfr is onmhcr eiiliir«>lT different argiim^titr which Beenis to 
port the neutmJ-pair hvpnthesis. 

llif a, nnd y ray^ alJ lorn»(.^ rliu gsk^^ wliidi they Irnyer&e* It 
bits jti?l Wn shown by Kleeman" tJmt th^ ioiikalii;ih jxt utum dui? 
lo p ildlI y riiyjs b nearly projM^rtional to the ionizeitiDU pvr ntofu 
due to CL tny^ (imtl* thei^fore, aj>prDxi[iiately proportional to tlit* 
volume^ as I bavo shown, Proc, Roy. Soc. of S. lOOG; l*Iiil. 

MardK IDOT)^ The fi^ires for the boavier iitoma are rather 
larger fur the p tJian ibe a and irtill larger for tbe y niy^. It b 
known that llie ionkation.^ due to X niys iliffer eonsidenibly from 
ilKtf® thiu to y raya %vheu ibei X ray a are soft^ but a[>proxiniate to 
ibcm when the X rayt? are liarc]. 

Alt this fits in excellently with the theory that all four types of rays 
nix'- inaterial. Take the a particle first, since its circutnsiuuces are tlie 
most simple. It moves directly through the atonii^ without sijiilter- 
ing or transfonmition. It liberateii ion® in the form of 8 rav^ as it 
goes» approximately according to the volume law, Tlte p my is also 
a charge<l particle, and it is readily to be supposiKl that it ’wouhit if 
its whole motion were rectilinear, liberate ioiw ueeurJing to tlie snme 
law (com pit ring ntorn with atom) a.s the a particle, though Oie num¬ 
ber:^ woiild Im- IcfSp But the p particle is liable to scattering, and each 
act of !!=cattering genernHy implies an increase in the patli of the 
panicle in the and Uicreiiscil .ioniKing power since its speed is a 
little diiiiinkhecb Xow^ scatteriiig is proportional to the atomic 
weight, whilst the ionizalioii is more nearly prcuwrtional to the square 
root of the atomic weight. Tims a heavy aturii is the cainsp of more 
than its proi>er amount of ionismtioiK and so we hnd in Kleemaii-H 
table that the igiii^sations of the sitcim^? Cl* Br* and I are rather higher 
tlian in the ease of the u particle. Again, the y par Lido liable to 
Ttwlution into its elements, with a rtdativeh’ large aniount of loiiiKu- 
tion^ Since this traii-sforniatiun u> chiel1_v effected by impact with 
heavy atoms, these latter will he the cause of a disprop<jrtioruite|y 
large iotiizutiori, as compared with the niys; and this is also diown 
by Klcetnau's figures* Passing on to X mys ‘we find a further illus¬ 
tra Lion of this effect^ until we come to very soft rayst '^’hen w^e find 
that the lieavy atouis hit the occasion of csceedirigly large ionisuitiom 

Couductioa of Elcctrkil}' through Gases, (id cd^^ p, 300*) There 
is 11 girfjd coiiLinuily in all these phenomena, with gradual diver- 
gi"nct?H just w"hurc we sliolild e.\i3ect them. Tlic a, p^ y, aud X rays 
all produce the yaiue primary ionizatioo, comparing atom w ith atom* 
and differ only lit the effects due to scattering and transformiilion: 

.Mr KleciJiim lui» goml to tnfarca me of liS* reisTjJtK hr 

liut 1 lj€>llL:ve I flni al HlaTtr lu anote ihejie Hlnci? Le tuns, t naUersitanU, rs?cpntlj 
mid a iiaiwr uu the *JubJecL before tin* iLuyiil 8ocletr, 
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that ht td say, differ only regards their production of second ary 
ioniziitioii. Now^ the a and rtiys are certainly material particlei^ 
po^^sessing electric fields+ There is, Iherefcrej a reasonable argarueut 
that the y and X rays are al^ naiterinL and pascss elceiric Fields. 
Tht^ b the ease if they an- pairs, and the sinallei' the nioiiieiitB are 
the mure circumscribed are the fields and the less the ionizatioD and 
the loss of energy. 

If the X rays contain ether pulses only, it is difficult to see why 
their effects should run so exactly in parallel with those of the a and 
P rays* 

It has been announced by Jlars, as the result of a most ingenious 
experiinejil (PhyfL 2Seit., 190^% p* that Rontgen rays movi': with 
the velocity of light. It is extremely improiiable that materizil par¬ 
ticles can jjossess such a velocity, and 
the ex[>criment of Marx might seem at 
first sight to be strongly against any 
material nature of the X rays. But it 
ia not clear that Jlarx really measured 
the velocity of u rad hi Lion causing the 
emission «Lf high-speed electrons, which 
b the cUaraii^teristic feature of X rays. 

All that he show-ed was that tlic bun¬ 
dle of X rays containe<l nidiation 
moving with the speed of /light and 
capable of exciting a rays* To see this 
it is necessary to consider briefiy the 
detaib of the experiment. 

An electric pulse is made to travel 
along a wire, as shown in the ac¬ 
companying sketch. When it reaches 
the cathode, C* cathode rays are driven 
against the anode. A* and X rays are 
given out, some of which travel toward the snucer-sliapcKl electrode, 
B. At the focus of B is a small Faraday cylinder, F, connected in nn 
electrometer, E* A small impulse is derived from the ivirc. W, by 
electrostatic induction at D, and travels down to B, If the various 
distances und wire lengths are properly adjusted, so that the X niys 
arrive at B at the same moment as the derived impulse, electrons are 
lilierated at B by the rays, and guided by the impulse into the cylin¬ 
der, and thence to the electmuicter* If now the disitince of the 
X-my bulb from B is altered, say, by an increase of 10 cm., the wire 
from D to B has to he lengthened by XO cm. Thu^, according to 
Marx, the X niys travel with the some velocity a$ the impulse in the 
wire, and therefore with the velocity of light. 
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Uiit it is io bp rciiiptubpl'cfi thst Lhic ^cctrons whicli Arc lilwrutpd 
hj' X rays have an initial I’eiocitj" avtmging' about SXIO'* piT see., 
i, e., ii speeti due to thousands of volts, am] are scattered in uU direc¬ 
tions from tliE surface on which the rays fiilj. Neither itie wcat im¬ 
pulse applied to B by the wave coming along the wii'e, DB, nor the 
jieculiiLT form of the surface, B, could hare any sensible effect in Uio 
w ny of gu idi ng these fast-mo\'ing elect rons into tJic cy U n de r, F. Only 
slow-moving electrons or 8 rnjis eotiJd be guided by sitiJ) men ns. It is 
no doubt true (hut X raya do liberate a certain number of & ravs, 
but it ia clear tliat the experiment of Jlftrv is quite consistent with the 
hypothesis that the X rays are complex, and consist in part of ether 
pulses traveling with die velocity of light, and producing 8 rays, 
and in part of inateriai particles, or paii-s, traveling at a speed as yet 
undetermined, and exciting high-speed cathode rays. It would bc 
leasotiablc to expect that a stream of pairs should he accompanied 
by ether imLses which had their origin at ihe time and place where the 
pairs broke away. 

It is jioasible that the example of the a panicle .shows that a pair 
ran not possess ft velocity greater than 10*, aince at ft higher .speed 
it would be stripped of an electron, and become an « purticlc. J. J. 
Thomson has suggested that at this critical sliced the » particle be¬ 
comes electrically neutralized by tlic attachment of an electron. Pre¬ 
sumably such a pair would tlien go on ns a y ruy. No such conse* 
qiience bus been observed; and on the present hypothesis it would be 
better to suppose tliat the a particle ends its corcer by being taken up 
Ijy an atom, as Hut her ford has suggested. There is no reason to sup¬ 
pose the y ray or X ray to posssss any great speed, ao as to give it 
enough penetrating power. The latter might depend rather on the 
limitation of the field of the pair; and a suRicient range for the %’eloc- 
ity can bo found between the minimum speed of the a particle and the 
maximum speed necessary for penetration, which npiienrs to bo about 
10* for a chargetl particle, but tuny be less for one without charge. A 
moderate speed would account for the reffection or scattering of the 
X ray, and would indml be necesisary for this parpose- 

To sum up, it is clear that a sticam of X rays contains some ether 
pulses, but it is not easy to cxplsin all the properties of X rays on the 
ether-pulse th^ry. The explanations are ca.sier if the rays are sup- 
fwsed to consist mainly of neutral pait^; and the existence of such 
pairs is not improbable it priori 

[.Welded JtUy 18, 1{»07.) 

^Since this was written several important papers liave appeared, 
With which the outlined theory seems to me to be in harmonv. 

J have supposed it possible for positive electrons to be* detached 
from atoms of matter in the X-ray tube and to be sent out in coiii- 
puiiy with negative electrons, oue of each going to the formation of 
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A neDtml pair* XcjWj J, Thomson has just shown (Phil, ilag., 
.May, liK>7) that iUb canal mys consist of positive electronic which 
may be H or IL or He^ according to circumstanc^iS] ami that these 
itpjx?ar no matter what the material is in llie tube. It will \m remem- 
lH.‘rGd that Villard (lons^ Electroos, Corposctilea, p, 1022) was so im- 
presided with the continual presejii^c of hydrogen in viiciium tul>e 3 that 
he supposed the cathode particles to coti^ist of hydrogen, until iic- 
curiito measui'ements of the mass niid velocity of the particles were 
made. He was largely inlluenceil by the reducing action of the rays. 
After alb it may be that H is profluced where they strike* and that 
VLlhird^s observations can be explained in thie way, Sir 
Ramsuy (Jonni, Chem* Soc.,^ May, IIH)?) baa shown that there is an 
execiis of hydrogen in water decomposed by radium emanation; but 
the circumstutR^ arc Coo complicated to make the connection niorii 
than 11 po^ibillty at present. 

IL \\\ Schmidl hug arrived at the conclusion (Phys. Zeit., Hlnne, 
l&OT) tbiit the ^ secondary ” radiation caused by 0 niys striking 
alumJniiuri consists of sc^attered primary rn)^s. This is in agreement 
with the argtmicni stated pbove* He has also shown i hat nndellected 
0 particles lose no speed in passing through a metal plate* This im¬ 
plies cither that the energy mpiired to produce iom does nor come 
from the ^ particle or that the 0 particle does not produce ions until 
it is defliiHrded. There seem several difficulties in the way of the latter 
supposition, though it* is, of course^ a possibility. It seems to me 
probable that the 0 particle rarely produces more than one ion from 
n travei’sed molecule, but that on o. particle may produce many, and 
that initial recombination h to be explained in thj$ w^y. Kleeman 
has pointed out, in his Itoyal Sw'iety paper, that an a particle which 
has lost seveml ions has not yet been observed; but it is to be remem- 
l>ered that such a molecule would probably dissociate at once, and 
it ig well known thai the a particle does produce dissociation, 

>OTK.—In a siipploimintary pui^er contributed to tUe Uoynl Society of Soutli 
AaEtmlla and dated Jaauary 2, lSCi€>, Draost described c&rtala eipt'rJiuaats 
wbScIi he bJLK perfonnwl with llie object of teia^loET tbe bypothei^ of tbe 
paper. 

lie ar^M tMt oti tbe cthcr-pulBc tLeery there should be perfect Hyinmetry 
la the B«onil£Lry radiations on the two Aides of a tbla plate thfonah wbieli a 
Htream of ■> rajs Is passed nonmkUy^ Ho ands, however* Umt sticU un expcM^ta- 
Non Is complotply eontnidlcted by evpCTlnicui. 

On tbe otbpr linod* bo that on the aotltniL pntr theory Lba iiiwhtlty sf 

fioeondary oatliode radlatJou whJeli is excited on the near side of Ule ptate, I. c., 
the «lde oa which, the rays are Incident, vlionld depend oa the atomic weight 
of the tnatcflal of the plate according to the ^me law ua thiit wblcb lioMs for 
the secondary cathode raiUatlen. dtic to ^ raya. 

It la well knuHTi that this Is ^i^ually the case. An^alh, he shown Lhat on tUo 
Rime iicutriiJ pair theory the auantlty of secoodory mdlatloa which, is excEted 
mi fur side of the plale^ L c., thi» Aide from wLleb the rays emer:ge+ nhould 
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be tie same for nil subMbinc«^ assuniiu^ (i) Umt tlie ii.b«<trpt lDii of y nt^s iJe- 
jHifiibi only (m Itc d^itf of thii tuntcrlal traversed uisd not on its atomic 
wi!b$lit; (2) Ibnt tba myii bcliavn like tlie y rnjfa In tisia rnsitMi; (3) tint 
tliq T Hiys are not IlntiJe to selcdtre n1nnrr»tli%< 

He then rtiows by Miwrlment rtw t tbo " otnnpitenct) *• raOlnttoft* riiow no idRu 
of fntlowlnif tbe^ my law, ea the Incldcnw railtntlons do* Ujat tlity am of tbe 
aamp older tot alt mtbtrtance^ atnl tluit the obaerred differences premise to be 
reodUy explained when proper ncfonnt la taken of the Impvrfeetleiut of cacb 
of tbe three nsMumptlona mentSobetl nbove^ 

He further dlaotuawi the poaslblllty tJmt the cathode tortlele nf the X-ttiy 
tube may became au X ray by plcklny □[» a poaltlve of amall muss nt the nnodo. 
and mny afterwarde by dropping the iMsltlte become the secondary entbode 
ray, the speed remalnlny apivoxitontely the same ihmui'bout. 



PKOG'RES.'i TX ELECTRO-mTALLURGY.* 


Hy JonH B. C. KawtuAW, 


The olwtro-metallnrpical mdustries arc the frro^h of the last 
twenty ycais, but in that period very remarkable progress has Iwen. 
made. Only one industry exiatetl prior to 1886* namely, that of 
copper refining. This! was carried on in a few works upon an 
extremely limited scale of operations. To-day the eleetrolj'tic cop¬ 
per-refining industry is second in imporlonco only to that of copper 
smelting, and over one-lialf of the world’s production of copper 
is submittwl to the former process. Tlie manufacture of alu- 
miniutn, calcium, carbide, carborundum, ferroalloys, an<] sodium are 
other impt^rtant alul espanding electro-metallurgical industries, 
while the application of the electric fiimaco to steel refining is a new 
development which imay lead to very important clianges in the 
iron and steel industries, for, in conjunction wuili gas engines and 
dynamos, it may seme as n means of utiliKing the enonnoiis i>ower 
now lost in the w aste gases from onr blast furnaces. 

The following poges deal with the various electro-metallurgical In¬ 
dustrie in alphabetical order, describing briefly the processes or 
methods in use and the extent to which these methods have been 
applied upon an industrial scale. 

.IZrrmmfitm.—The manufacture of aluminium by the electrol\*tiQ 
melliod was commenced at Xew Ivensingtou in America in the year 
l&SS. and at Neuhausen in Switzerland m the year 1889. The pro¬ 
cesses were worked out independently by Hall in Aniencii and hy 
lleroult in France, but aft now operated they are practically identi¬ 
cal, and consist in the electrolysis, with caihon electrodes, of aliuniu- 
iimi oxide held in solutioii in a fused bath of cryolite und fluorspar. 
Since the introduction nf the electrolytic method of manufacture in 
1889 the production of aluminium hos incrcascrl from 85 tons to 12,000 
toms in 1906. The following tabular statement shows the gradual 

• KertrlDttal, l}y trapi lite KagiDDerlae JlaEaalne, New York, Octo- 

Ijpr 11D4J XoYonilwr, 1D07, 


417SCl-J[)a^~lS 


215 







216 AirycAi, rssTiTtmosr, im 


incremfP in output and fall in price which has marked the industrial 
devcloptneJit of the electrolytic process: 
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lllr for price are haded fla Ibe AtaeKmo Tdlnea. 


The manufacture of nliiminuni is now carried on in a nnmber of 
works, controlling o%'er 84,000 horse[K»wer. Details of thesse so far 
as they are known, are given below. 
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Asst] IS imp that 4 horsepower are required for one rear^ lo proiluce 
1 ton of aluminiume the agpregoto power availablo in these works 
would suffice to produce 35^000 tons of the metal per unnunu Owing^ 
howev^jr^ to the dimiiushecl power a vs i] able during the inimnier 
droughts and to otluT cau-see^ the maximum total of power is not 
avaUiiblr for the manufactiire nil the vest rouiidf and my estimate 
of the ISKHJ production in about 12,000 tons. 

The past year has l>cen marked by the expiation of five of tiie 
Umted States patents grunted to Hall in 1S80. The Heroult patents 
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in Europe in 1902, and tha manufacture of aluminium by tlio 
cJactroiyiic method can therefore now Im carried on without tlie'pny- 
nient of [intent royalties. The use of tiie electric- current for keeping 
the bath in the molten stute is, however, .still covered in America by 
the Bradley eleetric-fumucB patents, which do not expire until 1909. 
In that country the PUtshTirg Keductinn Company therefore still 
possess tlie monopoly of tlie electrolytic reduction pnicess. 

As regards utlliiiation, the demand for the metal in Europe during 
1300 hn-s Iwen in excess of the output, and the reduction plants ore 
being extendcil in several of the works, in order to benefit by the 
higher prices now obtainable fur the metal. The British Aluminium 
Company, in addition to the development of a new water power In 
Svritzt-rhiiid, are carrying out a very large scheme on Ijoch Leren in 
Scotland, which when completed will add enormously to lUcir power 
resources in Scotland. 'Hie Aluminium Indtistrie Aktien Gescll- 
Echa/t. of Xeuliausen. are likewise developing a largo power schenie 
on the River Navisoiice in Swit»erland, from which it is expected 
that 25,000 horsepower will !» derived. A new aluminium works 
Jiuit iiecn eix'ctctl by an Italian company m the Valley of Pescara in 
Xnrthern Italy, and is about to coiiimcnce operations. In a few 
yearK, therefore, the productive capacities of the aluminium com- 
pnnii'ii will lie more than doubled, and it will be of interest to note 
whether the demand shows a similar expansion. 

The metal is now lieing used in very large quantities for motor¬ 
car construction and for giuieral foundry work, wliilc the “ Thermit ” 
and ■■ Welditeprocesses also consume Jarge iniantilies of aluminium 
in the form of puwder. In everj* direction in which the metal has 
been ppplied witJi success its use has increased during lOfHl. 

Mr. Schoop, of Paris, has worked out the details of a process for 
the autogenous welding of aluminium whicli overcomes the Jilli- 
cully (if finding a suitable solder for the metal By I his process 
aluminium shwts, rods, or tubes, of any thickness, can be welded 
without any dlfUrulty. and tiie joints are said to lx; ns strong ns the 
other pui’ts of the metal This method of welding will p'robably 
lead up to incroasetl consumjjtion of the metal in many indu.stries and 
to its use for larger articles and vessels than have yet Ix-cn inaiiu- 
fflctiirtKl from it. Another direction in which the use of aluminium 
is extending is for the manufacturt- of pans, etc., for use in the wax¬ 
refining and jam-lmiling imlngtries, which have hitherto cm]>lnYed 
copper vessels for this purpo.se. 

BuWon «jffHIjijf.—Electrolytic methods have been applie<l with 
^at snccess on both sides of the Atlantic in the refining of gold and 
silver bullion, the Moebiiis process l>eingiiscd for silver and the 
will process for gold. In the l^loebius process a dilute solution *»f 
silver nitrate coBtulning free nitric acid is employed as electrolyte, 
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while in the WohlwjU procei^s u ^Imidn of gold dibridc ia utilized. 
In Americii the Philadelphia and Denver niint^ are er|uippc<l with 
electrolytic parting iippai'aiiiSf and a similar installation of electro¬ 
lytic baths is now iKing erected nt the Government mint m San 
Proncisco. Man^^ of tJic Ainericaii copper refineries also have an 
electroljiiic plant for refining tlie silver obtained as a by-product in 
the copper-refining process. In Europe electrolytic refining is cniTied 
on at Frankfort by the Deutsche Gold- und Silber-Srlieidn Ansi alt 
and by tlie NorddcuUcho Affincrie at Hamburgh details of the IVohl- 
will gold-refining bn ring been worked out at tlie laUer refin¬ 

er}". Electrolytic bulliou refining b* al$o curried out in Great liritaiu 
and in France* but no details of tlie works are available for publica¬ 
tion, A recent improvement of the Moebius process is the use of 
gelatincr which gives a smooth coherentt in place of a rough erystab 
line deposit at Uie cathode* 

Caieitim i^rbida mid —^Calcium carbide is obtained by 

heating lime and coke in an electric ftimace, and it was first protluced 
in a largi? scale by Willson at Spray m the United States in the year 
1S&3. The late Henri !Mobsan al>out tlie same Limo produced this 
compound in his laboratory in Paris, and the European patents 
grantetl to Willson have not been apheldj owing to the earlier public 
cation of tlie rcifnlts of ^toisson^s chemicid researches ujioti the electric 
funiace and its products in the Comptes Eendus •' of ISW. 

The early history of the calcium carbide mid acetylene indtistricH 
is chiefly a record of reckle^ finance, worthless patents having l>eeii 
listed for company flotations up<ja u large scale, with serious results 
for the investora and for the industry. The pcriotl cuhntnated in 
i8&&-l!X>0 with a series of failures and financial reconstruction^^'' 
Since that year the companies Imve been slowly recovering fi^mi the 
off cote of this Tin wise boom. Though acetylene gas has not disjdacod 
other illuminanls to the extent that was at one tuny cxpectecij it is 
now used for various purpo^^s inudi more widely than is grmially 
recognkedj and central acetylene-generating stations are found in 
very many small village t^omlnunit^es in Europe nnd America. 

According to the most recent estimates there are now between sirty 
and seventy works engaged in the production of calcium carbide, and 
the aggregate production o mounts to lie tween W.ODO and lOO.OCM) tons 
per annum, valued at £1,000,000. The rnited Stales^ ItHly, and 
France head the list of producing countries, and are also the largest 
consumers of ciirbide for acetylene-generation puqioscts. During tlie 
period of inflated finance ^veral works for the jiianufacture of carbide 
were startcil in the Uni I cel Kingdonn All of these have cchsctJ oi-jer- 
ating, and only one small works is now active, at _Vi-keaton hi Ireland. 
Thy greater portion of the carbide consumed in the X^Jiited Kingdom 
is therefore imported from Norway Biid from other countries which 
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produce in CKce^ of tlieir irquirement!;. Tti France the iiidui>tr>' is 
coDtirille^l by u s^k'ndicatc with lieudquarLetis in Faris, and ihis earer- 
cises ti close watch over output and price. ELeveii work» arc reported 
to be still operulJiijr, situatet] arouttd the following’ cvnleiv of cheap 
water power: Ikllegarde, (irenoljk, Nice, and Toulouse. The esti- 
Juated output of t1ie.se works in 1000 was 34^000 tons: the anniiol 
consumption in France is about 15,000 tons. 

Germany is dependent upon Switzerland, Austriu, and Xonvay for 
two-thirds of its supply of carbide, only 6,000 tons being produced 
at home, whilst 10,000 toms are iiiiporied. In the United States the 
production of carbide is estimated to nmoutU to 25,000 tons per annum,, 
the Union Carbide Company, with works at Xiagara Falls, being the 
chief prochicers, A large new factory designed for tlie utilization of 
10,000 horsepower is now being erected, however, in a new center in 
the States. 

Although calcium carbide is beuig employed chiefly for generating 
acetylene for illumiDating purposes. Its application for production of 
“calcium e^’aiianude'* is likely in leo<l to developments of some im¬ 
portance. The use <tf acetylene gas in the osyacetykne blow pipe, for 
the autogenous welding of metals, is another application of consider¬ 
able ind list rial imiiortance, since temperatures can be obtained with 
tills apparatus wdikh approach those of the electric arc, and the size 
and shape of the (lame are more suited for welding purposes. 

CalciiiHi .—Calcium in tlie meiaUic state is one of the la lest eIc<;tro- 
motalhirgical products, the metal being produced by electrolysis of 
fiused calcium chloride and fluoride with n rising eaUiode, which just 
touches the surface of tlie fused electrolyte. This method is adopted 
to prevent the re-solulitm in the molten electrolyte of tlie calcitun de¬ 
posited at the cathode. The temjieruture of the bath is kept at about 
070® C., and the process works most satisfactorily with fi-eah and 
neutial ealdurn chloride. The metal is obtained in the form of aa 
imegular rod, made up of a series of buttons, fused together. The 
meiu! is dark gray in color, of specific gravity 1.5L 

Calcium is now lieing manufactured upon a commercial scale by 
the ElektrofheniLsilie Werke at Bitterfeld in (hirmany, under the 
Italbeiiuu patents, and is lieing placed upon the market"by the same 
firm. The only difliculty in the development of the new manu¬ 
facture lies in the lack of applications or uses for the metal. It 
has iKH^n iniggcsted tliat it might be used in the place of aluminium 
for removing the oxides fmm steel, but at present aluminium is the 
cheaper metal. For many other reduction processes calcium can not 
replace sodium, since its aflinity for ti^'gen is not so great. At¬ 
tempts to form alloys of calcium with copjier and other metals have 
also failed, as one would have e.TCpected. 
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Carbanindum is the trade name given to u cfirbido 
of ailicoa, first noado b 3 '' E. G. Acheson at Kiagara Falla, bj’ heating 
coke, sand, awl sa^vdust to n teniperuture of lictweeii 3,000^ iiwl 
3,000'^ ill all electric fueiince of the resislanee tj'pe. The product 
has the foriiiula JiiC, and the niuiiiifactiire has grtnvii into one of 
coiisiderablo miporlaiice on account of the excellent abrasive prop- 
erlica of tlie carbide. In l>CWtJ pountls of carhorundum were 

proilueed at the Niugam works, whereas in the last \’ear for which 
complete figures are available (ItKiO) the output had increased to 
(i^iafl.OOO pounds. For munj years the Niagara Falb w’orks sup¬ 
plied all the demand for this compound. 

Anotlier ivrtificiiil sulistilule for emery has also appeared, in the 
form of an clwtric'furnace product called alniiduui,” ohtaineil by 
heating bauxite to a high temperature. In onler to meet the in¬ 
creased competition, tho Carborundum Company of the rniled 
States have arranged to carrj’ on the subsidiary iminufacturu of 
grinding wheels, abrasive Loola, and materials in Germany, a new 
works for thLs purpewe having been erected (here in IWiJ. 

Tucker and Lam pen have recently carried out some laboratory 
experiments with carborundum, and liave found that the temperature 
originullv given by Achcsoli for its formation and dhssociatioti aro 
too high. According to Aclitsun these lemperatui'es were over 3,SOO® 
C.. while Tucker and Ijampen give l,GO0“ to l.IWO" and 3,330*’ C. 

Copper.—TJie electrolytic copper-refuiing industry is the oldest 
of the eleotro-mclftlliirgicftl industries, liaving l»en started iiy .James 
Elkingtoii at Pembrey in South Wales in the year 1800. Tlie process 
Hiid metliods used by Elkingiou in this aiiuiU reliiiery were similar 
in all rtsqiccU to thoi« in use at tlie present day, copper sulphate 
Ijoing employed as the electrolyte with raw-copper anodes and thin 
sheets of jnire copper as cathodes. The only change has been in 
the magnitude of the opemtioiLs. At. Pembrey ihe electrolyte was 
contained in small earthenware pots, and the output was l.'i hundrefl- 
weigiit per day, or 230 tons jH-r annum. Tn-daj' there b one re finery 
in America producing electrolytic copper at the rate of 330 tons fier 
twenty-four liours, and the aggregate output of all tlie refineries 
is Gstimated at 400,000 tons, or 53 per cent of the total raw-copper 
production of the world. This enoniious grcmuli of the industiy 
luis oreuFTOl cliielly in recent 3 ''eflrs, the i>npacity and output of the 
American ri'finerifs, which contribute oi'cr S.i |ier cent of the total, 
having liceiJ doubled within the hist seven year>;. The expateiioa 
15 duo partly to the great demand for a very pure copiier for elec¬ 
trical purposes and partly .to the presence of silver and gold in the 
American raw* copper, in sufficient amount to pay for their recovery 
from the slimes obtained in the electrolytic process of copper refin- 
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iiig. Tlliny-four olectrolytie teftnerie=i are now oiserated in Europe 
iind -Vniorira. 

Tlio chief profrrcss of recent in this industry has been in the 
substitution of machine for bund labor, the casting of the rtiw-copper 
anodes, aiul the charging anil discliargliig of tlie vats by mcchanicnl 
methods, now being carried out in all the large np4o-date refineries* 
Tlie diicf improvement on tbo dieniical side of tbc process has lieen 
I he addition of a small amount of bvdrocJilnrlc acid to the eiectroljto 
in the vats. Tins* according to Carlson, prevents tlie loss of silver 
wldch otherwise occto^, the miwluble silver cbluride being precipitated 
witli the slimes. 

Diam^ntine .—This is a trade name given to a new product ob- 
tfiined by Jicatlng alumina with small i]uantitie5 of silica to u high 
teinperaiiire in the electric furnace. SVhen finely jx^wdered and 
inixtN-I with chiy und wnter^the new iiiaterial is snid to form a useful 



wasli for the iicside lining and walls of furnaces exposed to a high 
iciiipcrature. The new jsroduct k l>eiiig manufactured upon u com¬ 
mercial scale by the DVamantine Werke at KheinfeldGn^ Oermony. 

Grajthilf , — Tlie ]>roduciion of a burej variety of artificial giitplute 
has been carried oil since 1802 by AcUeson at Xiagaiii Falls. The 
melhod of mamifaclune is to form first a carbide in liie electric 
furnace and tlien lo decompose it by increasing the beat up to a ]x>int 
at which ii dissociates and the second element is volatilized^ Under 
these conditions the carbon remains in the fumact?! in the form of 
graphite. Acheson in his earlier work used coke mixed wdtb silica 
or saudj but he hajs since found tluit it is simpJy necessnry to start 
with oixlinary autbracite coal; the Impurities of lids suJiice tgi pro- 
viflo the second element of the carbidej mid when raisetl to a definite 
tempeniture, tJiet5e elements volatilize ami leave theoirbon as graphite. 
The manufacture bus been a verj' successful oncj and tJie tvork of the 
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Intimation Ell Ad^caoti Gniphite Company at Niagara Falla tsow 
iitilisii 9.000 horsepowers anti produce over S,000 tons of artificial 
graphite ]jer annum. The gieator [wrtion of this out put is iiseil for 
elect i:ti-cheniical and ekctro-metnlhirgical work, the Aclieson artili- 
ebl graphite having been found ispecWly isuited for elcctmLlcii. 
During llKHi Acheron dbcovered a proco^i by which the soft variety 
of gnipliite CEtn be produced in the electric furnace^ and it is expected 
tliut tills new artificial griiphite will beetJine a keen conipctitor of 
the natural variety 5 especially as it shows more iini formity of com f jo- 
sition. Xo details of ihe new proce^ of maniifactnro have yet beeij. 
published* 

—The application of the electric furnace for producing 
idluys of iron with silicon^ chromium, tniiiiganesej tungsten^ and 
van odium has developed into a large and important metallurgical 
ijiduiitry. Since early i^*iirch work, the value of thems 

alloy 9 for the manufacture of special steels has l>een rccogiiivx'd by 
exjwrt Steel makers in all countries. The manufading of formatloys 
is carricii on at present chiefi}" in Franco and Swits!erlandt a cheaply 
developed w’ater power being essential for the commercial produetlon 
of lliese compounds. In France, MM. Keller, Leleux & Cie, arc pro¬ 
ducing ferrcmiicon and ferrochrome in large amounts at Liver and 
KerrouFse, while tlie Sociite Elcctro^metjilUirgiqiie FmneaLse devote 
a [xntion of their |>ower to the same iiinnufactureg at Ij% Pjhz and 
SL Micheb The largest works are, however, to be found in the 
Iliiute Savoie, on tlie borders of Switzerland, whme the Societe 
Eleetro-metaUurgiqiie Qiroud are utilizuig IS ,000 horsepower for 
the production of a fcrrosilicoiii ferrochi-omium, ferrolungsten, and 
fefromolylxlennm, the aggregate onlput of the three works owned by 
this company being given by Doctor Hutton OJJCO torts per annum 
and tlm value as £ 360 , 000 . 

In Germany JIM. Goldsclimidt & Cie. and SUf. Krupp arc uHjng 
the aluminiiun reduction process, in place of the electric furiuiue, at 
Essen for producing ferroalloys free from cnrfxju. 

In America the ferroalloys industry ia less developed, the Will^n 
Company, with works at Knnawaha Falls and at Holcombs llock, 
Tirgiiiia, being the only prixlucers of ferrochromium; about l^WO 
Ions are produced in the two works. Ro^si is, however, ex]>erimerit¬ 
ing at Niagara Falls with elect He-fn mace methods of producing 
ferrotitanium, and a new workx has been erected during ItMK* at 
Xewmire, Colorado, by the Vanadium Alloys Company of New York, 
for the manufacture of ferrovanadium. Recent trials of ternar>^ and 
quaternary steels, made with the addition of vanadium, have pn>ved 
that IhC!^ steels are specially suited to the denmnda made by motor¬ 
car work, and it is expected that in time the manuractiiri:* of vtiiia- 
dimn Steel may become a branch industry of conslderahk importance- 
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Plate III. 



Interior of Furnace Hoom, th^ Carborundum Comrawt, Niagara FAU-e> N. V. 
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With regnrd to the use of ft-rrniLlioys generalIv, fenwilieon ia 
employed ns a deojEydizing iigent, vv'bile the other alloys are em¬ 
ployee! for mlrocIacLiig the rarer iiietab into the steeL it having Iweii 
foiiiKl tlint a more homogeneous prodmn is ohtainecl when the metal 
h intrtjduced into the molten steel in the fo™ of an alloy than when 
it is liitnxhieed in the pure state* All ihe ohrome-ijteel u^l for 
armour-phite nifiiinfsoture is now made with the aid of ferriKrlirome. 

I mu and —^The meth«>il^ of jsriKl living iron ami steel in ttie 

elcdric ftimace havii Ijeen develojx^l chiefly by French electrometal- 
Inrgists, a hirgr nijmlHT of works in France having l>ecn rendered 
idb hy the collapse of the laHim in the calcium-t^arbide industry in 
lSt^y-iSK)Oy and new 
applications iH-iiig re- 
ipiirecl for the water¬ 
power and electrie- 
fnma<'e plont thus 
niEide available. The 
earliest trials of the 
electric furnace for 
iron and steel produc- 
lion date frrjrn IfitK?, 
and since tliat. year 
ex [>eri n H‘iita I w* o r k 
has l>eeii carried on 
cont imiously i D u r - 
ing the last three 
yearn the new meUt- 
odft hitve iiltracted the 
a I tent ion of steel 
makers, mni it is now 
general ly recognized 
that cert Hi n of the 
methods and prfK‘e^^€=B 
have atiniiied a permanent footing in the iron and steel industry. 
The Heronlt and Kjellin methotb of steel refining by aid of electric 
heat have shown the most striking development, mul a largv^ jiumber 
of works in Europe and America are using these methods w ith satis¬ 
factory resultis* 

The Heroult steeFrefining furnace is of the cniciblc tyjiCj and the 
heating is mitially elfected hy means of the electric arc. which forms 
between tlic surface of the slagging materials covering the luvtwl and 
the two massive carl Km clectrodeH wbidi are suspendctl above it. The 
slag when molten ts u^jcd for resistance heating* the carbons lK?ing 
lowered until they touch iL The impurities of the iron are removetl 
by naiewdiig the slag from time to time. The refining opcniiion thus 
becomes a “ washing out of the impurities of tho iron^ by treatn^ent 
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willi jmitilble slags, WhcD purLBed, carbnritc ” in n?quisite iimonnt 
is EiddcHl, and the enicibk is tipped. 

lleroult daiins that with this furnace iron or steel of any degree 
of impurity can be refined, and that from the purilied metah a 
of any dwired composition can bo proiluced by the addition of the 
nccc-ssarj^ amount of curburite ” nnd other fcrro-allo^-s. 

The Heroult furnace is now in opemtion at Proas, and Froges 
in France, at Kortfors in ?iorway^ at Rcmscheid in Germanjj and 
lit t^yraciiset New Yorkn Tlie Heinscheid plant has been in o|>eratioti 
since Februan^ IMO, oad is on ii sinaller scale than the Syracuse plant. 



FlO, 3.—^f^EucnuaiiLii] i£ii3 tmuwtrm KrtlDDi cif cTQclble fnmacf. 


The Kjelliii funiacedia-s l>een develo|>ed at Gysiuge in Sweden, and 

(litiers material tj from tlic Itri-oult furnace. In jiliice of the use of 
direct current for combined arc and resistance healing, tJie ICjellin 
process utilizes induced currents, uiid i.he heating efTcet is obtained by 
the rapitl cliangt^t in tin? magnetic state of the iron or stw-l which 
forms the secondary coil of tlie circuit, Tlie KjelMu furnace is in 
reality a large transformer, in which an nltcmnting current of low 
amperage, but high voltage, is transf ormed into an alternating current 
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of large iDtensity but low pressure in tlie secondary coil of the nppa- 
ratiiii. The meUl is contained wiihm an annular ring built up of 
refractory blocks 
round tlic prim ary 
coil of the fnrtiacej 
and by vnrj’ing the 
iuirrcnt in the pri¬ 
mary^ the bent de¬ 
veloped in the sec¬ 
ondary can be regu- 
luted as desired. 

The advantages of 
the Kjellin furiituio 
nre the development 
of the heat 
where it is wanted, 
i, c,, entirely within 
the metaU and enn- 
E^eqtient small wear 
mid tear upon the 
structure and wnlla 
of the furnace^ and 
secondly^ the ab¬ 
sence of iiiipiirities 
picked up from tlie 
electrodes used in 
all other methods 
of applying elcK^tric 
heat* The Kjellin 
process and furnace are being 
worked siiecessfu 1 ly at ( wYai nge 
in t^wedeii} at Gnrtmellun in 
Swilderb ltd, at Kntpp s steel 
works in Germany, at Vioeris 
steel workn iu Eng¬ 
land^ and also ot the 
Araya steel works 
in Spain^ wliilo 
i n, America n 
furnace patented by Colby 
but worked upon the same 
principle has been operated 

VTlth SUCCe^fuI results at ^ eJeTmtloo of trvoXf- 

Philadelphia* iba ru™*. 

Three electric-fumac® methods for the? pnjductiojt uf iron and steel 
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direct frrtra the ore have teeij tried upon & siinul] indusstrial scale in 
Itidy. Krajicc, aatl Canada, 

1 he fiiist of tljpae the 8ta&'iano—has not achievetl success^ akhoudi 
large sums of money vvetu exjwndetl upon the trials lU Rome uiicl 
Durfo in Northern Italy. An arc furnace of the rotary tyiw was 
ciiiployetl, and the ore was f^mnd and briquetted with the lime and 
wke, liefore charging into the fumace, Tlic costs of grinding and 
hrtqnctting all the raw materials, and the difnciilty of maintaining a 
durable hiiing to the fiiinace, were (Isa principal causes of failure. 

Tho Keller f„riia«* and process for the produL-tion of grnv, mot- 
Ued, and white pig imn from the ore has been operated at Livet in 
several years, with moderate successi. I’ho fiimaces are 
of 1,000-ho^power and 308.1iorsepow-er capacity, of tlm two-slmft 
type, with large cai bon.block elect rodes dung in ciiains in the center 
of each shaft. The heat is obtained by combine.i arc and resistance 
healing, A canal ccnnecls tlie hearths of the two shafts, mid when 
Dil^ with molten iron tliU canal wrves ns the oleotrical connect in- 
luik l^lwcen liie two iiGrtiona of tho fnrrmee. The ore is crushed 
rqij^lily. to SI size of 2 iijche?. juhI is charffea witli tlm lime ancl coke 
ititci irjcfi shaft of tlic furnace. The electric power required rwr short 
ton of pig iron produced at I,ivet iiveruges 2.;iOQ kilowatt hours, and 
It is t^lmiated that with power nt m per electrical horsepower year 
a iron could be produced by die Keller funmeo and pr^ 

for A fumnoe designed to prodiK^ 20 totm of ifrav iron 

castings per twenty-foil r hours has been erected at Li vet, but 1 am 
not awiire i\'hetlier it L; ypt in work- 

The thinl process and furnace are that of Jleroult. and the most 
important trials hove Wn conducted at Saiilt Ste, Marie, Canada 
under the aiispK^.s of the Canadian govcmmenl. The furnace is a 
smgle-sliaft fiirtm«- of ijiwt simple type. The smelting of the ore is 
carnerl out by combined nrc anti resi.itance heating, the raw materials 
being duu-gtd without grinrJing into the shaft of tlie furnace in 
which hangs the carlion-biock dcctroiie, while the sole plato 

SI 'tTJ flwtri^e Tlie experiments witli this furnace at 

. Bult ,Ste. Jfane proved that magnetite and titnntferoiis iron sand 
conld Wsmelti^i without difficulty and that charcoal could mibsti- 
tuted for coke, without briquetting. The electric power it.(,uired per 

triuL^nrd bonrg, or less thun at Li vet, but later 

trial, of tlie same fnrmice at Sank Ste. Marie Imve shown that the 

been taken over tiy the Lake .Superior Company financing the 
opneut of this new mdustrnd center, and W ton.^ of nickel pig have 

tT ‘ Pyrrlmtite ore of the dStrict 

Tilts attempt to found a new iron and steel center in Canada may 
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Plate Vl 



Near View of the Top op a KjEluh Electric Furujace of 1hOO<J HoREtPOWEft. 
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Stassano T^ODO-HOPteepower Electhio Fuhrace, Fixed Ttpc 
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Plate Vtl. 



PouRjHfi A t,000-HQH5EPOwER STAfifiAllO FlE^OLVPHO FuRNACE. 
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ha VO most imports Hi repulls upon the developmunt nf counlri® wkicli 
have icon-oi'fl riepositi, liiU no coal with whicli to smell Uio luitive on*. 

Seven'll altempU lo iiitrwhiLO electrolytic or elocLro-therinfll 
methods for the refiniiiir of lead have lawn made in America, and 
one such priwess was worked fur some time upon a iiirfie scnle at 
NiiiUnra Falls, but the company financing thb venture ultimately 
endetl in liquidation. At the present liiiic the Ttetts refining prwess, 
in which lead hiillion or raw* lead is used va anode material, in a hath 
of lead rtijo-silicate, is in operation at Trail, British Columbiji. and at 
^sewciistle, England, The plant at Trail was enlarged in 1000, aiiil 
consists of 240 vats, each 7 feet in length by 30 inches wide. When 
charged, each vat coatnins 20 iinodca and 21 cathodes, and the ra- 
pacit,v of the plant is stated to be 00 tons of refined lend per day. 
The sepanitloTi of the lead from the copper, bismuth, nnd radniiiim 
cont allied as impurillcif in I he raw' If-ad. is report etl to be ulmost 
perfect. Betts has nwently proposed to introthaw electro-thermal 
methods for smelting the lead ores' but these proposals do not appear 
to have yet been sulimittcd to practical trial. 

jYicA-^Z—Kicke! is prnaduced by electrolytic or wet methotis, by 
three companies, and nt SauU $t. Ifnrie, Canada, esperimcntiil trials 
have recently been cnrrietl out which show that fcrronickel can l»c 
successfully exli-acted from the ores of the district hy the lleronlt 
electric stnelting furnace. A permanent installation of the Ileroult 
furnane at this place is therefore possilde. As regards the ctcctrolytic 
methods of extraction, the Hoepfner process is in tise by the .Vllcge- 
meine Elektronietallurgjscbc Oesellschafl of l’a|>enbiirg, (.lermiiny. 
The process depends in>on the electrolysis of mixed solutiojia of cop¬ 
per, cakium, and nickel chlorides, these heing obtained by Iwiohing 
the ton sled nickel ore with a solution of ualcitim and cupric chloridiw. 

In Americn, the Orford Copper Company have recently rom- 
menced to produce electrolytic nickel, using ns a nude inivterlnl for 
the vats slabs of nickel sulphide. These are ohtaintsl by iqK'i-iition 
of the ■’ tops and bottoms " process for separating nickel and cop]3er 
sulphides, The electrolyte ia niekel-chloride solution, while tluii 
sheets of pure nickel arc used as cathodes. Tlu’ eleetro-deposiletl 
nickel tests 00.5 per cent, 

A thinl electrolytic process in use at f^ault Ste, ^^a^ie k stated to 
lie the Hylnnettc procesa {United Estates patent So. 8059fi0 of 1005). 
Tlie electrulyte in thk pnwes is a dilute solution of nickel sulphate, 
to which a small quantity of Ijoric or phosphoric odd has been nddctl. 
The anodes are made from n fcrronickel-copjwr alloy. The cathodes 
arc thin sheets of copper inclosed in [wrous bags, and held iti woorleu 
frames to prevent buckling. The How of fresh electrtdyte is directed 
into the bags which contain the cathodes, and by uisintaining a higher 
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level nf liquid in thtw, the drift of copper ions, dissolved at the 
iinode, tnwnrd the catiiode cocnpartmeiu ia stopped, jind only pure 
nickel is ilcposited at tlie enthode. The electmlTte Ijeeoiuea coiitinii'' 
ously richer yi copper and iron, and is regenerated by passm* over 
slabs of nickel or of a niikel-oopper alloy. The copfier is deposited 
and the nickel takes its place, iv’hile the iron is removed at a kter 
Stape by oxidfltiom Tlie solution then contams only nickel sulphate, 
and is ready for use again in the vnLs. 

iVi/oirfcon,—Ihls is the name given to un electric-furnace product 
iiia.ie by Adtoson at Xingiira Falls, by heating carbon und siUcon in 
a tine state of sniMivision and well niixed, to a tempei^ttuv? slightly 
lieiow that requirL^l to produce caHiorunduin. The product 19 n 
highly refractory material, and n company has been tionted in the 
ITnited States for ihe manufacture of Hiioxieon crucibles, muffles, 
bricks, etc. The chief difficulty in the tnnnufocture of sllnxicon is 
llie regulation of the temperature, since if this be raised too iiigh 
(ubow 1,700" C.) ilie oxygen escapes and carljorimdum is produced. 

J?ih’c<fn.—V. ,L Tdiie has prodiHH'd this metal in large amount at 
Xiagani Falls Ijy heating sand with carbon in an electric furnace of 
Ihe resistance type. It is essential that the raw imtcrials lie finely 
ground and well mixefl, and that the tempeniturc he carefully regti- 
hted to prevent formation of carbidea The inetaltic silicon must be 
di-awn off as foniied, the process being continuous, and the metal 
obtained hrigld and crystalline. Tone state.s that the metal may be 
used as a deoxidizer in the iron and steel industiy and as a substitute 
for aliiminiiiiii in the “ thermit ” mixture; but the demand for sili™n 
for these and other purjms&s docs not appear to hove developed, and 
the diOicnlty nt present is to find □ market for the product. 

iS'o£f7HHi.^The production of thb metal by the electrolysis of the 
fused hydrate Lias grown in recent yeors into au important industry, 
and the older chemical method of manufacture has now Ijeen quite 
supplntited by the electrolytic method. The Castnercell and process 
are gcuerally employ^. Installations of this wll are now working in 
England, America, Tranoe, and Germany. Tlie manuftu-tnre of me 
tallic sodium in England is in tlie hands of the Castner-Kellner .\lknli 
Company. The plant has recently Wn transferred from Weston 
Point to Wallsend-on-Tyne, where a new works has been erected, the 
power required being purchaged from the N'cweastle and District 
Electric Supply Company at a very low rate. 

Ashcroft has patented a cell and process recent It by which sodium 
chloride can be substituletl for the hydrate in this manufacture. Tlus 
process is about to be tried upon an industrial scale in Xorwav. 
Should the attempt succeed, the cost of metallic sodium, which has 
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alroiidy reduced from 4 k. to Is. 8J. per kilogram by the improve¬ 
ments in the CuKlner elcclrolytic process. wiU be still further toIucinL 

The efodium produced by the cl roly tic method is brgely em¬ 
ployed for the mrvoiifflcture of sodium cysinidcj imd of sodium pero:E- 
j<ie, Oxone is the Imde name given to fused sixlium pertpxidej 
iind lhi:s product h being advertised and sold in America for the 
general ton of pui-e oxygcin 

—^Electro] 3 ’iic or dectro-tliermfll methods have not been ap¬ 
plied with uny success to the extraction or refining of tin, but in a 
branch indiistry—namely, tin stripping ’•—they have become of con¬ 
siderable value and unportance. 

In (he niiiimfacture of calts boxes, and vef^sels of all kinds from 
tin plate an immense uniount of waste occurs with the cuttings, and 
tlic recovery of the tin from these has lici’n curried out for some years 
by electrolysiiiw The jyrocess usunlly employed iivas first applicil indus¬ 
trially by troldsehmidt at K^n in Gcrniatij, and consists in the use 
of tlift scrap and cuttings us anode iijaterial in a bath of sodium hy¬ 
drate. Stiinnic-ddoride solution has also Ihtu used us electrolyte in 
the Bergsoe ]>roi!ess at (.lo|>ciihagen. In tho former case, only the 
tin isdissolvetl at the anode; in the hitter case the iron is nlso attackcd| 
and care is therefore ivKqujrcd to prevent the solution of tin-chloride 
from Ijefoming Kiipcr?Mttiraled with tlie iron salL The chief develop¬ 
ment of the electrolytic tin-stripping industry has oc^eurjiK] in Ger- 
unmy, but similar fiictories have also l)een erected and carried on in 
Dentnarkj Austria, England, and America. The chief dilBcull;" in 
working the procci^^ has been to maintain an adocpiate Ktippiv of tin 
scrap and cuttiugH, and some of the works have had to clo^ do\ra 
from this cause. Purely chemical methodH of stripping by uieans of 
chlorine gas ore also now coming itUo favor. 

Tills will still furtlier wccentuiite Llie diffieuity of supplies^ since 
the electrolytic alkali and bleach works wjU enter the market ns pur- 
ohatcra of the tin scrap ami cuttings. By this method of stripping, 
stanoio chloride is pi-otluced, and not metallic dn. The manufaoturo 
of '"tin salts"' has ah'ojidy been taken up by some of the dccinilytic 
alkali works in Euroi>e and Amerieit. 

Zmer.—The attempts to apply electrolytie and electro-thcrmal 
methods in the zinc industry have met witli ijiily pari iul suct'css^ ami 
the greater proportion of the zinc found in coiiiiuerct? is still produced 
by the old metallurgieul method of distillation. 

The coating of iron articles with a protective deposit of zinc is, 
however, carried on in a large numlier of works t>y the electrolytic or 
wet methovL a solution of zinc sulphate Ixdng generally employed as 
electrolyte, wHb lead anodes. ^ EJlectro-gulvnnizingj” as it b called^ 
is then an un£>yrtanl branch industry. 
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Ak rogarc^H Iho eactruciion of zinc from its ores, tho Ilocpfoor pro- 
ceat is in opftir*tioit at Witmington in Cheshire and at Ilruschaii in 
Austria. By this process^ zinc chloride is obtained from ilic wnslc 
liquors of the ammonia-soda ptucess, and is electrolyzed in order to 
obtain metallic zinc and chlorine gas. 

A zinc-ore cldonnatioii process^ patented by Swiiihome and AMh- 
is operated at Weston Point, England, hy tliv Gastner Kellner 
Alkali Company. SSine-snlphide oits are treated witli hot chlorine 
gjiH, and the corresptmding chlorides are obtained, but tbe zinc chlo¬ 
ride is sold as such^ and is not subjected to electrolysis as described in 
the patents covering this process. 

Electro-thertnal methods of treating raw zinc and zinc ores are 
bcdtig cx{>erijncntLsl with by de Lave I and by Ferrari s, in Sweden and 
Italy. The de I^vel furnace has nlready produced t^om© Uundretlis of 
toas of pure zinc from spelter, but I understand tlmt U has riot yet 
been applied with success to the reduction of the ore. At Monte- 
Poni in Italj% Ferraria is catying out similar trials with on electric 
furnace, and has estimated the cost nf the process at 40 lire |Kr Um 
of calamine. In a recent letter he stated, bowever^ thiit the method 
has not yet readied tJi© inditstriul stage of its development. 
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Fftr neatly w hiindrecl tinme of ih^ ablest photogniphic cb^’ni- 
ists havD kboml Bi prcxlutsi' iii color. 

Serfwk in 16H) oUtaiiied koiiic with silver cbloriile. Sir 

.lolin lleiisfhel iti IH 40 fuijiul lhat chloride of silver on paper after 
exposure tn wliile Hjflii utjtiJ it wfii^ colurerl violet, aud then exposed 
to tlie solar sjiei-trmii, ii^iircHlured approximately the natnm] colors. 

In the [period froiii 1H4? to 1855 E, Bect|uerol obtained results 
m^rnarkable wiLli rlilorides on a silver plate as to attract the attention 
of the whole scientiJic woild* 

Niepce de St. Vielor m IS51 took up the work very earnestly^ pro¬ 
ducing on silver pliite?? treated witli hy]pochlorite of soda not 011 I 3 " 
the stjlar sjiec'trtiill* bill the varioiifl i^lors of flowers, faliHes, 
|>L^crK-k feather's^ i*tc. 

Hunt, Poitvim Zcnckert M. de St, Elorient^ Kopp« Maxwell, and 
others also labomi in this fiolcL 

M. Carey Ijt^a about 1882 began exjieritiieiiLing with the subebJoride 
of silver and obtained beaiitiful rcsnlLs, but. like all others up to that 
date, he was unable to make the colors [>oruianent. 

In 180P Hiicos du I fan run publisheil Ills lielioebroine process. 
In this process ttin^r negativrs-iirr rnadoT each one ihmiigli a diffarent 
color ^reen (llie. screens used were violet, green* and orange) ; these 
negatives wen? then printcil on bichrornatiml geliitin films, lailored 
red* bine, and yelluw; the suri>tus color was llien washed out and the 
films supei*|>osed. 

M* Charles th'os iriventetl n similar process about the same time. 

The underlying pricieiple of Dia^ du lltiuron’s: and CiW-s proc¬ 
esses, and indeetl of all color-screen photograph^v, may he ^veii as 
follo^vs: 

If we divide die visible f^pectrum into three approximately^ equal 
parts wc get three groups of colors, the principal tints of which nrc 
onmge-red. green;, and violet. Each one of these groups is comple¬ 
mentary lo the other two, and tJie tliree contain all the simple rays 
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wIlk'll mixkft up whho light, iind lUmfore light of any other i iilm% 
H the:sj three coloi^ ure ccnobineth their relative intensities being kept 
ihe ^me* they will proilucei white lighi. If they Hrr used us filters, 
however* and interpiJHt'id successively in the path of a beiim of lights 
while or colopi'd, ihey will jilisnrh it completely* Bnl if each screen 
is interpo^eil in the path of a Iwani of liglit, it will transmit all 

siriiplo laLliiitions hcloiigirig to the group of which it is the represen- 
jutive, uiid al>?T<orh all those of tlie other two gronpH* Tims if tlie eye 
were placed in the path of a beam of light* and filters of the tiiree 
funJujneivt-td colors interposed one by one. the eye avouIcI receive thnn} 
lUstinet scnsalioDs of color correspcuidhig in each case to the portion 
of tin* original beam tratisiiiitled by the screen in question The prob¬ 
lem to Is* S 4 iIvvh 1 is to find a means of registering thc^e three difd:inel 
seiisalioi^'* so that they can be combined and tnuiiaiiitted simiiltane- 
taislv, giving tlie seirnation of the original lnuiiii. Diuw^ dn irauron 
and t’ro-i accomplished this liy making three oegalives each with a 
iUtferent JilterH, nxml lliereforc each eontainiiig the reckon! of the radia¬ 
tions btdooging to its [iiirEiciilar group in the olpj^H*t- plnitographed. 
Tq coniihne these three r^^^^o^dsJ <.aich negative was printed on a sen- 
tdtized fi*m and the resnlting print dyed the rotor complementniy to 
the colcir of the s^creen with wldeh iLs negative was made. Thus the 
film nmde with the negative taken w ith the orange screen was ilyed 
bine, the film fnnu the negative taken with I he violet scmui dyeil 
yellowy and the film from the Dopiiive taken with the green stTeon 
ilv<Hl I'ctI, These filiiis were ilieri ileveIoj>ed by washing, whicli re¬ 
in uved nil the fuiiiilsion covered by the dark parts of the negative, 
ihat isj (he parts aflPeded hy the light, transmitted ihrougli the 
in the origin a 1 es[msiiri\ By superposing the three films mucle in 
this way nnd lixoking thmugh them the object wn^t seen rc^pitaluccd in 
its original colors, 

F* E, Ives has prodiicwl 1)eaiitifii1 results with superposed filmsj hut 
his rnont valuable work in color photography lia^ lieen in the direi'- 
tion of positives on glass for the phoLo-i:hromoscopc^ and for lantern 
project ion HL 

Lippmann'iii 18ftl“tt'2 succwtletl in making the first permnnent 
direct phtjtogniph in wlor (afterwards improved hy Ijumiere). The 
details of this la*auilfiil prod's?* wert^ puhlished in u previous Smitli- 
suifinti report (IfK)!), 

DifTnirtlon-gniting color photography wns invented by Prof. IL W. 
Wofid in IfiW am] published in the PliiloscphicHl MagaKtnc, from 
w'hich the following ext met is tuken : 

If n ^nffracUoa gratJoi: of nkwIiTnlo ttml a letLB ulnreU (n i3w 

[latli of a of llptit contlapf from ei nnear ah^urce, hiuI tlie cyn \to nlacacl (u 
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aay one nf the Kjiectra formal to the rigbt tuid left of the central |pia£t% Hie 
Riillre anrfflce of the irnitLne w\M fti>t>eatr HJiinilnatMl vrlth of a t'olor do- 
fiendEni? on tile r*arf of the Epectram Sn wbleli the eye p]iice<L If one t>arl of 
the ^ntlni? hna a dlfteniJil Bfiaclne fro™ the rEM* the formed by thia 

jrtirt wtU tw placed relattvely to the Arst, aw\ it the eye be plaeed In the over- 
tApphijt jMirt of the two niiecim^ the correflp^mdlEijj tiprtlim*i of iho gmtLni; will 
upi»e:ir Ihnmlnalid In dlfferenl colors^ ThTa prlnrlpSo t nuiib* iit^e of In the 
ilei-i4otaiK»Qt of a new tiiethosl fur fin>ilnelnn pholoj?nd>hs Hi isaiumt eolor. I 
have eliinlimted thm qas* of pipuents and colored Bcrcrrist entlreiy Hi the flnliiiifed 
jiti:Mun% liLc phoTiiKratdl lieluj^ uutbtug mero or less Hum a dilTraetlon j^llnn of 
variable spaelnp the width tH^tn^oeii the llnea In the dlftereot perts of the 
picture \w\nfi &neh an to cause them to app«ir illunilnittetl In tlioEr proper icaloni 
when viewed In the manner descrlbiHS. 

Take three diffraction Kratlnaa of i^ueb is[melng that the dorlatlon of the red 
of liic Brat 1 h the saiue ns tluit of thn h'reca of the aecouiL and the blue of the 
third I the ml, green, niid blue In Question beln^ nf the tbits of the primary 
colorFi of the Vouh^r-Ifhliiiholtx theor>' of color vlsleti). If theiw three pu tings 
he mounted aide by side in front of a. lens, their s^^L'ctra will overlnp^ and nn 
eye plnccd li3 Ihe preiM'r turttllhiti will see the Hrat grallDg rvtU thi* A><N>nd 
A till the third hluCn If the lirsit iuhI sectiiitl lk^ nmilo to qviwbip^ this [inrtloti wLLl 
Bend both retl and Kreon llsht to ilie oyo, and will in eotiM^^ihonct^ ap|>«ir jellow* 
If all 111114^ be made to overlap In any place. Ibis place will wend red, preen, and 
liltie UbIii to the eye, and will ap|iear whlto. 

Now If three uepallves are tnken throUffb ml, i!troen+ ajid bloo Ecroens in tho 
usual uiannor, and from these posit!ven are made on aHniniCn lantern slklos; 
and the iioaitlves when dry nre flowed with blchromatetl Eelatln> ami driotl la 
aiibilueil lights and the dlffmetlon of proper f^uiclng mbMl nir plifito- 

f; 7 H|ihed on glass are pinced over these ixadtlves und exposed to the sou or 
elecirrk' light for thirty seconds^ on washing these plates In warm water dlf- 
fraetlon gratings of grt^at hrllllancy are formal directly on the siirfaeu of the 
film, Thra" of thin glass seajiltizeil with the blchreiiiiiti>«! pelalln am 

then placed under the three poflltlves and prints lukcii frotn tbciUr The }x*r- 
tIofiH of i^ach plate on wbkb the light has ucted benra the fmj^rei^'vioji of the 
eotTestH'anllng diffraction grating, strongly or feebly Iniprei'sctl [Lccordlng to 
the density of the different [Mirtn of the jMiraltivesL Thwfo three platea when 
sciperposwl nuil plpc^t in frcpnt of Ji lens, and lUntiilniilrel !»y a narrow anurce 
of lights appear a;? a correvHy colored picluw* wdien viewed with the eye placed 
In tbe proper posillon, Perfect rcKl^atlon of ihe dlETcrent piirts of the pic- 
tnpe cohIlI not be obtained in this way, however* bnl If O-M^osure nf 

the aame chretUi^-geJatJii plate under the poslUvoa be tjunle., reglatratlon belns 
i^nrrel by tfiark* op the platefl, the lieslrrel rv^iH will be olitalned, < lu waHh- 
iQg thia plate In wjimi water and drying, it becomes the fliilslLiHl ccilorftt pbote^ 
graph. Where the reds ocenr tn the oiiglisjil, the siiaelag of the gratSag 
in pref^ent; where the yellows occur, the spacing of both fbe llnst and second 
are \cf he found superjKTseil; where the hliioa occur are the linos nf the third 
grnllng, while In the white parts of th* picture all three sivLelngs aru preauiiL 

Two ncAv niethoclE of produciih^ |ilioto|^phs in color have been an- 
nounced the present year, the Autochrome and the WorrEer Powrie 
processes, and although they accompJish their ends by indirect 
methods, they are both thoroughly practicable. 
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THE Ar!Tl>CHItDME 

e are indebted to the Aleaerri. A. utid Ij. Liimieiv ft)r thiR prnrFst^ 
ivhicli pvi's^ .sticli Ijeiiuiifii! resiilL^. 

Tiie proc^i*- iti basetl ou the same principle aipplied in Cro^^s End 
Ducos dn ITiiiirou'H tiielliotk, but inj^tead of using llm?e diHerent 
tkireeiiiH, three negativesj and thn?e snperiinpnse<l dyed positives ntie 
ninj^Je phite .serves for alJ these—scruuiij negative, and positive. 

Ttkb is ftccumpllduMl liy tlie ntJC of a mosaic of istandi grotiiiles of 
the thjw fundatncrital colors* 

The starcJi sifted through very fine sjcves. nud the part taken 
whteU bus grains of a diajiiCtur of from 10 to 12 microtis, dlicso uni- 
forui grnitiii are divideii into three portions and dyed part orange- 
tviL part green, aiul part Wolet. Tliey are then mixed so that the 
rvrfiilting ptnvdcr has ii grayish color and does not show the tint of 
any *>f hs cumi-Hineiil ptirts, ^Hiis powder ta then spread out on 
pkt^!S ivbidi liavo htarii coveri'd with a coat of gelatine, Tlie single 
iaver of spherical gi'aiirs thus obtainial is ilattenod out by pre^ire iki 
that the LH;iges nf the grain.^ touch as far as possihle, the smnll inter- 
stic'cs which w'oiibl aUow the passage of white light filled by very 
fme particles nf c?irl>on* anti the screen Lhui» formed covered by a 
thill vont of waturprotd %nirjiish for IiutuLatiou anti protection. 
Finally on top of thk is applied the photographic emulsion, which 
of miiiw Jiiui^t lie paiiehroinatic: that is, .sensitive to all the light 
rrtvs of die speclmm* Tn actual practice^ it has been iiiiposidble tej 
get nil emulsion that k not slightly mure seositive to the violet end 
of the spectrum, em that in expotdng tlio plates, a yellow’ m-niMin of n 
carefully chosen shade must lie placed lie fore the objective to c-nunter- 
act this oversensitiveness^ 

Tlie plate tliui* prepared k exposed in an ordimt*)' cameni with the 
glass side to ward the lens. The light rnys therefore bave to pass 
through the polyebroflie screen l^fore they strike the sensitive ctuid- 
sioti. so that they atTect the eninlsion only behind the gTaiiiiles which 
tniUHniit their piirtictilaT cedor. Thus rays coming from a green 
porlion of the object photographed tvotild attack the silver salt only 
Inbind the green grtinuIesSt leaving it imtouchod t»ehind the red and 
violet. In developing after this exposure, the affected silver halt is 
tediice^i and ^disenres these granules, leaving the red and violet gran¬ 
ules iiticnveretl anil tnmsparent. As u result the plate, viewed as a 
transparenctv after this first development shows instead of green in 
n grtcti portion of tlie object the coniplementfiry tint, cannine red^ 
foriiiecl hv the coiuhination of the imobscured red and violet granules. 
If the plate were fixed here, this La the result we should obt-fiiTU In- 
tstead of fixing, however, Uie plate is immor^ in a bath of acid per- 
maiigauute, which dissolves the reduced silver, but does not affect 
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the silver SAlt, which is unreduecd ivhind the ^aules that were 
imptirvions because uf their color to the light ray^ which impingecl 
upon thpjn in the original exposure. The green grannies have now 
l>eoome tnin^paront because of the solutiou of the reduced silver which 
covered theiin After thi.^ ituuiersion the plain h exposed to white 
Ugiil for a short time and again developed. This time the rod and 
violet am covereii by an npatiue layer of reduced diver from the 
exi>osiire and deveiopmeiiL 

Thus by UiiH double exposure and inversion we get the true colors 
of the object from Hie unobscureJ graiiules^ and not only this^ but the 
cdletrt on tlie eye is one of continuous and homogeneous color* as the 
granules ure so sinnll that ray^ of light from contiguous graim^ icadi 
the eye coufused together. 

The |)rocesri may be stopped at this point and the plate nsetl as it 
coiiic^^ from the twond developineiit, after Wing dricrl and vamidjed 
for pro-lcction* The plates are generally subjected to si process;^ of 
reeiifurccmeiit, however, which strengthens the coloJ^ anti iuukt_^ Oiem 
more hriliianL If thib reenforceliienl ia earrieil thmuglu the plates 
have to W fixed ” after the second developnieiii. Thm fixing wesik- 
ens the tone of the colors so that the reetifureeuient lias aLk» tliis lo^ 
to make up. If the plates stre not reeiiforeed, this fixing slioidd be 
omitted on aecounl of the consequent weakening* 

The illtist ration accompanjfdng tills ariieJc was made with the 
ordlfiflry coEumcrcial Auotclu'Oiue plate^ ami reproduced by the Imlf- 
tone process. 

THE w'AHN^-rowBm oor.on mOCTJ^ 

L. Duces du Hauron in hi9 patent of the year 1SI58 outliniHl a proc¬ 
ess of preparing a three-colored screen consisting of hands of Lhreo 
primary colors in juxtaposuiem, wdiidi screen was to W placed Indore 
the sensitive plate when making the exposure. The full iinportance 
of Diicos Du Haui^ni's siigge^dion was not m'ognizcd until July in 
England and MacDonoiigh in Ameriwi, within a very short tiiiif! uf 
each olher* proceedetl to apply it in practice* The .lolj" screens were 
ruled with aquet^us colored inks upon a glass &iip],x>rt coated with a 
thin layer of gelatine^ and, although of the somewhat coarse ruling of 
two hundred bands per inch* w’cre capable of producing rcNiihs of ctun 
siderablc delitrticy* The dhlicwlty, however^^ both with tlie Jnly and ihe 
MacDonough screens, lay not in the u.hi.% though this suffered from v^v- 
uin limitations, hut in ilieir matmfactui-e. The mechanical o^jeraiiou 
of filling II glass plate with three series of Huts of diffemiL colors 
without gaps or overlap was a technical problem whidu in the wny 
in which it was upproiiched by both concerns iimim focturing the 
screen!^., proved ioipotidhle of realization on a conmierciaJ scale* 


aaB ANirUAL nEI*Ol!T lK&TtTt;T[0>', 

Thit following deicriptionj however, shows that Mm Warner and 
Mr, Powrio have solvs'^l thi^ problem in a vi^ry ingcnioua way: 

The surface of a piato of tirditiary gla*i5 k thoronghly denned and 
coated wilh ii weak ^solulion of gelatin, albnnieri^ a mixiuro of the 
two, or of Btiy suitsiblo colloid body containing a pnijwrtioii of 
alkaline bichrointite. The nii^ure is very similar to the bichro- 
tnatised Esh glue emplnycd by photo-engravere* This coating having 
drieili liui plate is exposed under a screen niLe^] with opaipio liiica 
which are double the width of the traiiirparent spaoes between them* 
Tlie ffpaces correspond, as we sliall see, to the exact width of tlie 
gn'cu and red bands tii the manufactured screen. Tho^ portion^i 
of lilt aeiisitktHl co^iung which are protected by the lines of the 
acteen are nut a Heeled by the exp^jsure to light, but the portion?^ 
niiderneftth the spaces in the screen are rendered in^ajluhlc on ex- 
petjure- Developmentlakes place in warm water, the mixiunt 
of glue and albumen dissolves in the unaffected parts, and theixt 
renmins on the plate an enormous number of transparent lines hi 
relief separated hy depiieasionH which are bare glass. The plates 
arc then hntiiersed in a solution of a green dye which [>enetrate5 the 
ooUoit] bands, ami foiTii^ a screen of mlcrO-SCOpic green nnes> Thu 
plate is then phiciMi in a bath of ahmt or tannic acid, which fixes 
the color and enables the hands to attain suffickut intensity^ Emerg- 
ing from this bath, the plate is washed and recoated with a sensitive 
mixture and again exi>ci§ed under the same sciwn, but w'ith an adjust- 
meot of the carrier in wtiieh h rests to tucli an extent that the gre^m 
lines just produced are protected by the double-width lines of ibc 
negative, Bclw’ccn the portion of each band left uncovered and those 
stained green there h ihuft fornii-ni n narrow' region W'iiich is equally 
protectwl hy the opaque [>ands of the negative. i)n expriHLirc l>eing 
l■^Jmpleted, the plate is passed us before into warm water to develop 
the image, and it is then seen that a screen has l>een formeil Tvilh ii 
series of green lines and of transparent lines in relief sepai'oted hy 
inteiwals navmwer Ltmn llie lines in relief* 

The plate is then plunge^l into a red dye bath and fised and mor- 
daDted as liefore. Examined by tninsmitteJ light, the seit^n then 
pref^nts a yellow color, due to the mixture of the red and green niy$ 
of llie two lines Avhich are printed at thb stage. It ha=i noAv to re- 
c'cive a third coating of bichromated mixture, and U then rxjiosed 
Uirongh tlie bick without tJie interposition of any negative, TIjo 
light thus readies tlie sensilivc film through all |Xjriions of the 
screen not occupied bj green and red lines* Ab soon as exposure 
is completed it is again developed in warm water and iransfi^maJ 
to a blue dye bath, which stabs only those portions other tiuin the 
red and green, and forms vciih them a continuous series of colors 
over the whole of the screen* As a result, the screen exatuined uuder 
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ft micrfxscope .showf? a series of fine red and green lines separated by 
naiTower blue Une^^t ^^tid to the naked eye examining it by trans¬ 
mitted light appearsF gray, due to the mixture of red^ blue. 

From ft practical point of \ifiWy this method, wbicfi consists e^n- 
tjoliy in leaving between the red and green lines a spa<^ which can 
be filled up with the bhic^ ofFei^ several ftdvuntages: 

(1) It removes the difficulty of registration after the exposure of 
tlie scremn 

(2) It avoids all pf^ibility of white interspiaces and nf overlap- 
ping of two iMinds of different colors; and 

(3) As blue is the color which appears most intense in the screen^ 
it is an advantage that the blue lines should Iw slightly narrovvert and 
thus less visible. 

The sciwn is coated with a isUitabk varuiah, and is then rendy to 
receive the panchromntic cmnbion. 

All opemtiotiFi are conducted by a nikadime wdiich brings the sen¬ 
sitive plate in contact with the ^reen negutivot and automatically 
adjusts exposiiit* to vnnations in the temperature and humidity of the 
air. Although the method is used by tlic origiiiators of the Wnmer- 
Powrie process for securing screen plates in lines, yet it is equiiUy 
applicable to the making of a screen plate of any form whatever, 
whether of regular geometrical pattern or of irregular graiOi 

It will bo tluit by the use of these plates a negative in tho 
complementary colors may bi'i made by simply developing and fixings 
This negative is available for uiakiug positives on glass to any 
number^ or the picture may be developed and the negative image dJ^ 
solved outt and the remaining bromide of silver exposed to light and 
again developed, and the result will be a podtive on glass in the 
correct colors of the original subject. 


TFfE STEUCTURE OF LIPPiLVXX HELIOCITROMEa^ 


'iir 


Lippm nun’s hcliochrompsj ns is wdl known ^ foTtmiotl on pnrely 
theorelicfl! reasoning. Thay are mteretiing ns n proof of the nctiml 
existence of light wnvetSH For this neptson pholomierographs of sec- 
lions of the same are %'aliiiible, as pifoving how far the phite can 
register tliem. 

Ti U well known that the possible re^stration of tliese waYcs by 
ii photd^aphic plate was first pointed out by Zenker* * and the n^ilLs 
have therefore been universally called Zenkers In mi me* The point 
ia thiitj though theory says that these lamime should existt do they 
actualh' <reiir 7 Or^ in other ivords* ran one actually <^?e them under 
the tiiieroseope I Obviously thiw is &. diflicruit problefii to solve, fur we 
are vlc^ on the limits cif mkrcfc^copic resohititiii- Taking the case of 
green niys, their wave-length is a dimeii&ion whicli must he 

rc*<lu<‘ed to one-lmlf, us tlio lamina- are half a wave length apart. For 
rhe apectral green, then^ we have to resolve an interval of f>/i3T /i 
(tiiaiisandths of a milUmeter)* which* aecoivling to AbW’ti fortnula 

for centrnl white light, 6=“ rcc|uires a immcrical nperttlre of over 

1.4h, which is the practical bniit yet iittained witli the Zei^ apo- 
chromftts,* 

Tt IS true that with oblique ligUtitig we can increase the resolving 

power, S— ^ but, as Nemhauss has shoa'n, this gives rise to di ffractiou 

phenomena, which obliterate the true lines* and may even causa 
reversal ns ban Ijcen ex|>Brienced by Senior and fathers. In spite of 
the difficulties* however, Xeuhaiiss and Vah-uta alone have succeeded 
ill obtain] [ig excel lent photomicrfigrapbs/ Seni o r^s rv^ults,* os 
[>uiute<l out by Neuhutiss, are far too thick, and arc really iHlTrac-ticiu 

^ lieurJnietlt by fniiu Uie eotor ehnto^wepby Emnrileiuent of tLe 

BrltlFli Joartml of l^otu^ar^by, far AamiKt 2, ^crtaiiiher C, dail fldobor -S, lOilT. 

• The nt^Jecrtlvc- af N, A* IM with luiaiolmmiminpUttMUbi- ImiutTPica isiaa noi 
bo uiod, as one dare aot Imbeil 3£i-iiber'fi laaihuo In tMs Holutloa^ 

Wlion this wiiH written (Jeae, lOOC)* the author lie was imawnre tltut 
Dr- tfiiiitf had also (ibialaeiS uhotaaiicrf^finiphs of aoctlaiia nf IJia^maun 

ac]locbroiiwtk (It* J*," XoveiwtKT SO. am {k tMO.l Dr. \\\ Skbefrer has 
Also obtained photnmhvoKnipbs of LI|ii>Dman rdatOA.—** U. J*^ 
Blialo«irapby/' Jaaimry 3, leoe. 
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Hitherto only sjjectml rays of greater wave length liRve been 
attempted; raised colors have not been atteinptuil^ nor have white 
and gTftTt to which most natural colors owe their laminoaitT, Ijccn 
nttetiiptotlr 

TIjo exaniinalioii of the^ pointy nppeareil extremely intending, 
tts it seenie<l po^ksible to account for special phenomena^ which matlie- 
matira] calculations can not esplain. Tims the disappear ante of 
whiloj hut not coloreth portions through overesposnrcj Lhc general 
tendency toward led or dirty yeIJoW| the fip^waranoc of white with 
excessive intensiiicatioa^ Liie general iiliifl of the coloi^ towiinl the 
more refrangible end of tho specirutu when the pictures are rubl>ed, 
the frtH|ijcnt Tivant of the complementary colors hy transniittcHl light, 
the appearutiL-e of black or violet on rubbing the wdiitej the extiuctiou 
ot Uie colors except white and bkek, in varnishing, and m on. 

I 

MXPEJtniKNTAL METIIOUS. 

The methods employed by tlie author are bricHy as follows: 

L Tho plate is soaked in winter ftiitl the liliii scni|>ed or stripped 
off witJi the talge of a frenhlj hix>ken piece of glas^s* If the tilm is 
not very thin this always takc^ ]daec from i he gln?« or in I hat part 
of the film w'hk'h cent a ins no lninina\ The author also uses collodion- 
ized glass. 

9. Tin; stripped film is immersed in alcohol and water^ then in 
absolute alcohoh and finally for a few^ minute^ jn colloidinc« 

Ih Fine sections are cut at right angles to the film luid laid in water 
to swell. 

Sometimes the water is replaced w^Uh glycerine^ and the film, stained 
with nn aidliiic dye inoolublo in. water. After some experience one 
may use a still sitn]>ler plaii^ and that m to hack the damp film aloug 
and across with a sharp scalpcL to then cover the cut with a 

cover glas^^ aia] examine in this way^ wdien one or more pieces sho^ving 
the Iniuinte will be easily seem 

THE OEAtN or FLATES, 

Lippmaiiii and othcr.^ who work the process contend that the trans¬ 
parent eninWnn in albumen or gelatine has no grain, or only such 
that m regards the wave length of light it can be neglected- Xeu^ 
hauss^ however, proved the existence of u grain almost invkible before 
expoijiite, hut ivhicli after development varied betwi^n OJ and 0^ ^ 
The author considers this far too high an e£rtinni1Ct aw it would be 
hardly powjble w ith fuich a grain to register the hulf-w'uve length of 
violet light (|A=0,1T1 /i). From various experimeuLs he believus that 
he ia not far out in putting the size of the grain at t>.03 to QM 

^ lie speaks tere of tbe emulsloa wklpa will reglstei' aU culam up to violet 
Thit wMcli wUl only record reij luid yellow bns a uiucb coarser ^lo. 
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The grain is of lioinogeiieoiia appearance, and of a color 

depending upon the dtiratioii of exposure, the hygroiueti'lc state of 
the tttinOiipliere, and the developer* Generally, the grain of the less 
etpo^Nj parts is bluish gray; at Uie correetly escpi^l places it is of 
a light cheatnut-bnj’n'ii color ; n hen overexposed^ fine greenish ycflow 
or pale cMdier-colored grabni occur. Strongly solarized parts 
alvrays a clear hriglit yellow. It uiiiy he as well to point out that these 
colors are not dependent on the wave lengtii of the light, but on Lite 
duration of the action, of the latter; ambthey only apjsear on the in¬ 
tensified platen; the action of the mercury chloride is not only to 
enlarge the grain, but to give it a uniform character and opacity and 
a moi-e or less gray tone. The color of the grain aUers also iti rainy 
weather. 

Hitherto the grain nf the developed plate l)cen dealt with, hut, 
os Xouhauss pointed out, a grain can be ^ti before expuc^ure, but with 
extrefiie difficulty. The antlior ivas mo^t successful with a Mm deeply 
stained with cyanine, obliijne inonochromatlc iliuinmatioin and a 
ZuU^ objective of X* A* l*4t). The spotless white and transparent 
eifiuhitm will keep for i^vci'u! iinchangeil by the direct action 
of light a phenomenon which proves that the grain can not suffer 
reiluction or blackening except witli the help of soina photographic 
reducer.® 

THE STRUGTURE OF TUIE PLATE IN FOltE Sl-TeC-rH-VL CoU>lUt. 

^\ji examination of the sections Quongh a pure or almost puro 
spectrum color shows iliffercnt zones; first a laminated ^oiie and ihen 
(below) an unlamiruited zone. The structure depends on the tluck- 
ftese of the pinte, the transparency of the emulsion,, and the duration 
of expos tire. ^Moderately thickly coiitctl plates show the structure for 
ohout one-third or somewhat Icssss of the total thickness of the gelatine, 
and the following parts may be seen; The limiting zone, wliieh lie^ 
between the free surface and the first lamina, the Zenker laiiunie, and 
finally tile intervals spaces. 

The liniitiiig aoue in the blue and violet is very ilifficnlt to detect 
liectuise it is so thin; in the red and orange, gji the other hiiiKb it is 
c^ompnrativel)" distinct as a very fine stripe which Is almost free from 
grain formatioiu but the nearer one comes to the Zimker straws the 
more distinct the gmin* Even in the j-ed the examination of thh zone 
is nut eas^'"—sections immersed in water have a refnicti\'e index so 
near that of water that even by oblique ilhmiination it is almost 


^TUIb was first obacncd by LUpiiaCminor ami qIao by NetjhniiBS la 1003. 
tbereTuro oue cua do a way wltli the i]selc>ss ojieratlan of fixSae hii* 1 tbe conae- 
iiueat mlautlQti o f the Lolarvola betweea the Mmliuc. Lelmuial] a lap tluea aot 
^ the piatea. 
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imiKissjble to see it. This is probably tlii> iT^awn why Xoiihauss ex- 
ptejfijecl doubts us to its exist voce. The Jiutbor was enabled lo see it 
by treattn|:f the film witli an aniline dye^ sneh as aniline blue* whii."h 
is ini^oliible in water or by eoiitijijr it wiUi ctilon'd varnish- Under 
thoA* OMtditioiLs. tliaiikn to the odured film* it ran be plainly seeti 
(Bg. L p- 24C). Its thJdctu^ in the swollen plntE^ i& jiUnit half an 
iuterva]* l>iit varies considerably, wldch may be mnsed by unequal 
expansion of the gelaune, uud aiso to the varying thickness of the 
lirvit iajiiina- 

Thfse ol^'rvations contirm^ at least in principle, the often‘oWrve<| 
fflcL tliat iheaurfac^! of the gelatiiie forms the fii^ iiiterval, und that 
the rertecting surface of the mei^cuty is thii> in immeiiiate ruiilart wilh 
the gelatitie during espe^iUT.* 

the limiting film is only a fraction of u wave-length thick, it 
is easy to uiidersltLUil why the light rvfiected frujn tlie surface inter- 
fores with that horn Lite laiuum, and why u pri^m is necessary or 
the holiochroine must be placed in a cell filled with l>en 2 ole or sylnl 
lo ellniijiflLe thk surface rctlection. 

The Zenker la mi me coiishii, as required by ihoory. of n iiudallic 
piwipitate which ia thicker in the middle than the aidetf. It must 
not overlooketl ihut in the dry plate the lamime are veiy dose 
togelher, nriEl dial (hey lutve great density and cnn^sidentble refjc?ctive 
power lu the uiiiiitensified plates tlie color of the gi^uiiLs is bright 
bruwnifdi yelltnv* in the intensified gray or coiree hrowm. 

I'he nnuilier of llie laminae differs cotistderably. In many cojm 
it viirifL^. si^ pointed out by yeuhauss^ Ix-tween four and nix* and 
depends on the intensity of ihe light, the duration of the ex|KLHnre, 
and tlie fnihspansicj'- of the gelatine* (lenerally. the author thinks 
that there arc tnoro in bnlJiimt pure isalons, as m the s^ihir hficctriiiiu 
than in the mixeil coiors of uaturtil olijeets. He has some speclrsi 
showing thirteen and more hiniinu^ which reach to tlie gliiss uiid show 
t ho <!Ol ors f run 1 1x51 h sides. Tlie same effect has been met w 1 1 li in soma 
histologinil heliochronies.^ Tliere are exceptions, and as a rnlo tlie 
niimkT of lamina' irs only lives or eight. 

Tlie ihieknms of the Inmiiue everywhere the sainc^ ns is also that 
of the intervals, Tlieir intensity and tlie sliarpnc^ of their eilges 
dccrt^is^e the fan her tiiey lira from the surface of the plate. Tlds 

- TtiSj* fact in m a«?anir>Uoa ibat tlie Innilnte ntv plue to tlie 

Ul^til radi'Ctetl ftiau a aim Ilf air iK^tween tbu iin‘T<Miiy aail ilie ^Intloe p Cenot- 
IW-M, J5Uri-rt+y7^, if thia wun ^ tUe ri^itipcilnfi the iiaddi^iit llatit 
wrjulil in lie rltiee frunj n wlih Tawur rvfnictive ludfX tliaii tUal of 

Ectntlfie. Uicrt fnnv Uti^ muHt bt^ turmeJ a iuuxIiuliiu oM «tit ii mltihiitiiii on 
Hjc sorfflce of llie aelatJac. Thlii J* never the eoBe witli eurreetly exjxisiXl tns- 
fiiti-iiJilftad plfltpit 

• imifiKwr TiiJpI tlilK iiroeefti for oUtaliiltii; l 4 ^ 1 UielireiEie^ nf 
and iHiLtiuloiflcttl wcUoaa Kiok ** B. J*** 
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filer, as will be aiieQ Inter, is vtirt'- irupnrianu Figs. 2 and 8 show 
that the first lamina ia the most distinct, and, as n nile^ more sharply 
iletinisl on the edge. Then follows the first mtervah which is the 
purest and niosi colorless-^hat is, the freest fnim silver—of all; 
then the stHTond lamina, dense and sharply detitietl; then the sCH ond 
itilen-aU wliich almost as clean a.^ the first. Behind the^e the con- 
trails Iw'tweeii the lamime and intervals are distinct as the inter¬ 
vals lieeoriie filletl with precipitate, till the finai region k readied, in 
which ihe lamina* dkappear, as dm^ also the silver precipitate 
(fig. Id). 

As will be seen latetj the n:lative intensity of the first laminie varies 
according to the duration of e?£posiire and the dagrtaf of intenijifica- 
tinn. Ill nornial pktes the two fim Ittmime are practically the same 
mioiisity and thickness^ iti overespcfsed plates the first lamina, in 
eonscKjiiencp uf photu-clieinical fatigue, is weaker or disappt'ar?* alto¬ 
gether. Iti thk ense the second or third are the strongestv 

The film without laminin varies cotisidprahly as regank thicktirs^f. 
In very thin plates it is almost or mtirply wimUng. Ill miKleratcly 
thick platen, as in figs* I uiul 9, it may ise two-think to ouc-lmtf of 
tlie total film* Ah n rale it js w^lho^it silver gmim, thotigb here and 
there some may 1>e s^een wbieli possibly eerrespond to overserc?itive 
I >ronildc of si Ivor. 1 f the e sposn re k too long, or the plate is developed 
too much, this region k filled with a tine yello\vii?h or light brow n col¬ 
ured |>recipitate of coarse particles. This very fief:|uenlly happens 
in llie pure rtid oi- yellow. Tiie appearttnre of the section throiigli the 
other colors is* independent nf the function of llie wrive length, prac¬ 
tically the same* Fig* 2 shows a section through the bine at A 0*475 ^ 
Tile extraoixlinary thinness of the limiting jsoiie and the com]5anitively 
great fineness of the landiift^ will be noticed. In many sections the 
author tliinks thut there are less lamiias in the blue and VTolet than 
in the more refrangible colors. It h difficult, however, to follow these 
fine lamilla^ and it may In? nicrely a case of coincidence (figs. 2 
ami 12). 

Tin: A>".\n¥T8TP of wnrrE a^tj oiLvr. 

Tlicse an? two mo^ impfirttmt culors, an<l from a nirofiil coii.sid- 
eration of all tlw literature on Ibe subject and the study of many 
sectioiist the nutbor comeja to tile coudu^ion that ihe Jormalion of ;>wref 
fjt pi'odnced ?iy a/ the 

WitJiont intensification^—tliat without the uilificiil production 

of coarse grain—it is not pt'sstble to obtain pure whites, for these 
refinire a closely ctunpaeted, opaque film wdlh metallic luster* As 
wil! lie seen from fig. 5, the whiter consist of regions, the oiirixir 
itone, the laminated zone, and that which is ehameterized by diffuse 
refie^^tjoii the rear xone. 
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It b rhanicteristic for wliite or gray, all colors contjiinmg an 
lid mixture uf v^hilQ, tliat the limiting ione dtsnppeni^ In its pi ace, 
and ifi place of the first knuna^ there appeiii^ a new denjic ibirk film 
of great uieUllja ri^Hcctive power, 5a and tia. This lanuna, sharply 
defined on both ctmiafiis lar|re fipherieal inetallk grains packed 
cJf>gc together, am! itf tv dark brr^wn color. The genenil rule k that 
the more brilliant the white the nmre o]>aqiic and c^iinpaettHl is this 
n'giou, which, if the plate k not intensified, is only a bright trans¬ 
parent yelltiw or light brownj with distinct spaces between the gniiiLS. 

This <4iservatioii is impoiiutit, for it [imves lliai to obtain whiles 
there nniBl \m (1) a inetalUc reflecting precipitate in the limiting 
zone, and (2) complete opacity of the first lamina* ivhidh combities 
witli llic limiting Konc to form a nior]ibological nniU Tlie result 
is that tii-arly the whole of ihe incident light is I'eflectiHL anil the fi>w 
rays wliicb do get ihmugli into ihe deeper p^rts of the plate can not 
pnxlui.'e interference, JJehiiid the mirror yjimo, there is a veiy fine 
intervaU and a of very dark^ extrenuily thin, clnwely compacted 
strijics (fig, hh)^ Tbciie Htri|a?« are never wanting, even if the white 
of the olijecL is very pure> If the white is mixen:! wlih pink, cream, 
or bright fdiie, they ai'e more tiumerons than in neutnil gray. It k 
very significant that the dkiaiico Ivetwccn these laminre is extremely 
siiiull—about the same as for violet unU bine; sometimes a dilferencc 
in thickness anti separation can l>e seeUf as I bough they were caused 
by light of dilTeriiig w'ave lengths. They are so fine tlmt it Ls difficult 
to see them Ltt li plate that k not swollen in water. 

I’lie author does not consider that these phenomenn an? contimry 
tn tbtv>ry. The thickness of the mirror Kone on the surface of tlie 
gelatine k probably due to the combined action of the uUm-viokt 
The grain of the eiiiulsiou Ls too coarsi^ in give regular perlivclic 
kiuiniv, but only diffuse deposit* On the other hand, the blue and 
violet of j^eater wave lengths are registered♦ if only partly, whilj*t 
the txuii pa la Lively coai'sc .stripes which appear between the fine ones 
aiv^ |>Grhaps the maxima for the loiig waves gnKm^ red, iiiid yellow- 
for which the chromatic sensitissing is leasL^ 

The preponderanct? of violet in the ioioge of white, depends prol>- 
nldy on thi^ rajddity of development, 'flien appears a phenomenon 
similar to that which k ohsiirved when a plate exposed for only a 
short time k eX|H>^wd again for a much longer lime. On development 

i 

* If tlw mlm>f Mine Ifl fnmiiHl more easily [ti pfriw plntcm tUa la dm to tlio 
fact, alrpaulj metitlotincl, itmt fhesto nhiU-^ nte ipccEally seoalUvc to the flirorter 
wiivufl. Tlie uiirgiml tipliavlDr of flit jj]ato wStti tlic mb or oniiice, wLkh, 

uaforttinalrly, frfMiDL>ntly buppcon, 1 a dxR> to the nitamiTa of the saime ^unnliq? 
of erythrosilaeT exauSoH, autl ffljelBC red to die i?miiULoiL, The wliltefl arc Uiou 
froqacatlj not but tlu^ed with red or yeltow. 
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only thp loiigL^r-tfxposed picture b seen- Perliiipaj Llie greater 
tiUrucLion of the v iokt niaxiniu for the develojjer cojn&s inio plajs 
imd the places c^JiresiKinding tu reii and yellows' iicarruly ucL There 
upixmrsj ilmif Uio wolhknfiwn ftction of contrfoflj fFlucli is frequenUy 
oilierved on ortliiHiiy pluteii. namdy, un extremely bHgiit margin 
round a vigorouih' Jeveloi>ed place, 

Fnim clib it would api^ear as tliough the formation of white on 
those parts i>f the phite nfi'ctle^l Siy light of ever}" wave Irtigtli b not 
due lo tlie admixture and fm^ion of the oiilectivc action of many 
liilfei^iit hijiijua^, us assuuied by Lippmunn, but exclusively to llie 
rt^flectivc jjowors iif n dense, opaque, dark surface film, tur the npaeity 
of wldch the briiliaiicy of the color depends. Consequently, neither 
I he fine Inin in a? wltliin the plate nor any irilerfercnce pheiiomeiui 
(siiiee the density of the mirror seoiie makea tlib iinptaisiiWe) liave 
itiiything to do with the apjKrurauee of white. 

That the author is correct is proved by the following phenouicnB: 

L If the white plact^s art^ nihlie^K their brilliancy decreiisi*s with- 
out color appearing; only Avhen the mirror ^one complotelY re¬ 
moved doc 3 white disappear and blue or a more or less dark gray of 
violet, or Iduish tinge appear. In the first place there always appears 
a greenish blue lane, the formation of whielu m shown by micro- 
graphic- BxaTiiinalion of the nihlsed pans, inuhi lie a.scrilied to the 
mirror jionr lieix>iiiing thinner. As soon ns tliis ^oiic is removed then* 
iippeniw a dirty indefinite violet, which persfists till the plate liccomes 
quite tniiLsparent. This last fact proves that tlie whiles nre craiised 
by the action of the Wolet rays. 

2. Oblique illiiniination of Lippmann heliorhroines pnxluceii, as is 
well known, a sliift of the colors toward the more refrangible part 
of the }4|)erlnun. Orange-red l>econie?n yellow^ green. blue, and so on, 
and this shift is the more distinct the grt^atcr the angle of iiicidenoe. 
I'his change of the picture in oblique liglit depends on the himitiated 
structure of the gelatine, and b ensih" e!q>lained by the inoreajie of 
path, which the waves of shorter wave length than double liie iriter- 
valfi must traverse. Tiielinatifin of the plate to the iiicident light 
prtaiucei? no eliaiLgc in whiter t^rtnin proof that tins color dnes not 
depend on laminar formation, 

:l. Xcithcr varnishing ihe picture, nnr slight swoHingt nav testing 
In a henr/ilr tank have any influence on pure? white, which b thus 
sliarply differentinted from other colors. This b olso an mdiretu 
prc»f of the nb^ence of the limiting Konc atovo the mirror r.one* 
Impure* whitt^s or grays will naturally alter in tint under d prism or 
oblique incident light. 


246 


AKJSlfAL SEPOlif lsMITJiaOi?lAN ly&TrWTIOI^, 19C1, 


EXPI^X .\TTON or TtlE FECJlTKEi^ 









Fifl- 1, 


Fig. 1. Section throujffh pure or almofrt pure i*ed. Swollen in vyater 
and (.vyammetlori with a Zeiss apochmniat, 
A. L40^0 2 ituii. focus. Central white light, 
a the limiting zone^ b first iCenker In min a, e 
second interval, d dci^jier lying lanijnii', with 
indefinite edgisa, e iinlnTninated zone. 

Fig. 2, Section thmijgh the Siliie, in the 
repr^Mction the deeper lying I ami live are 
l>adly drawn- Conditiuus of eJcatnitialion ns 
in fig- 1* 

Fig. li Section thiongli the re^l in dry— 
ibut ifi, in gelatine not swollen in water. 
Exiiniiiiation in t-anmiii balsaru. Central 
monochromatic light 

Fig. 4. Section through greenish yellow. 
Same conditions ils in fig. 3, The limiting 
zone and the grains in the individuai lamina.^ 
can not Ih> seen* 

, Sk'ction ill rough pure brilliant ivhiteL 
Swollen gclalinei a opaque niiriw zone, A the 
fine stripes lying under the min-or zone. 

Fig. 6. Section through yelkiwii^h white, a 
mirror zonej ^ Fine stri[>e.s, d 1 unlink corre- 
spourling to the yellow. 

Figs. 7, S, and 9. The action of intensifica¬ 
tion on the color. 

Fig. 7 fshows the unintenslfied color^ the 
stripes are too dark in the reproductiorn 
Fig, fi. The same color intensified once in 
a sublimate bath- 
Fig. 9. -After two intensifications. It will be observed how the 
scofrety visible grain in fig. ^ 

T bi'Ci>mes thick and dark in ^ 
fig. li. 

Fig. 10, Ked. The ihiet 
ness of the first laniinre was 
rediic^'d hy friction, so tiiat 
hhie and green snipes appear, 

Fig. IL Section through 
briglil green, which by over- 
exposure and oTerdevelop- 
ment hm become white; 6 

’ I 

mirrrir zone, c fine stripes lielong lo the white ^ the atlier Jaminas be- 
loiig to the green* 


FEtil. 2. 
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Fig* 12* Section thttHigli civerexfwjRed blue. The paletn^ of thi^ 
liimio^ nnd the iib^iic!^ of the niirror jmne ttIU he 
tiolired- 

Fig. 13. Section through ovrrexpiv^d omuge* 

The first lamina / b wanting, fmd the second 13 
also rather pnle. 

Fig, 14. Section thrtjugh bright blue mixed with 
\vhite; H fiiirriijr xuiie, h line .secondaiy lamina?. 

Fig. 15. Sts.4ioti tlimugh bright leinun yellow. 

The first lamina? roprewnt the pUa:^'? of cotiversiuii 
into the mirmr atone* 

Fig. IG, Section tliroiigli uiulerexpt^swl and over- 
develi‘i|>eci greenT which i5orreS[xmds to the shadow 
siile of an oitiiige. The fineness and tranj?parency 
of tlie la mince* which u.ve souiewhat too dork in 
the r; prod notion, will J>e noteil. 

FigJ 17* Section iliroiigh the blue in a pJote 
exptfcscd without a mercury 
mirrur. 


Piia. Hv 





PrQ- 14. 


COLons ITIXETJ WTTK Wum:. 

ConnKjund tcniefi, atich as 
gm}\ pink, or cam, light blue, 
etc,, formed by admixture of a 
principal cfdor with wdiiu^ kw- 
ciir very frctjucntly, and the ar¬ 
tist sc value of the reproduction 
dejiendw to a gmat extent on the 
correctness of the tooalitv of the 


Fia. 10. 



Fla. 


£ 



Fla. I" 



f io. i((, ***' till*® lliick sepafnted from one n not her 

by wide mteirnlA which correspond to the Inrninie 
of the yellow. 

IrreguUrities in the intervals between the lanii- 
Fia j7, .. '‘*'f frequently observed with compound colors; 

sometimes they are due to illusion and to unequal 
absorption of water. In those coses in which the water has acted for 
41790-09-20 
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a lojig time and tbe finer lines are nearer to the siirfflL’e. liie different 
thickness and distance uf the lamintr must Iw ascrified to the registra¬ 
tion of diffeivnt ivavis. Neitlier with compound colors nor pure 
white lire all spcctniin waves to lie dbLingiiishcii, 

Bluish, reddisht and griH'nish white have a similar structure; all 
thc«e colors show with the Tnirrnr zone a laininar systonrand Dicir 
optical etfect Ls added to the rcHection from the iiiirror aoiie. 

I'of the chromatic interference, as with pure colon;!, only the two 
lirsi—or. as notetl above, in the case of a fine secondary strip (%. 
lie) the three first lamlnEe—arc used, Tlie color lliiei formed is 
w'oakened hy the sotueivhal distnrhing reflei^tion of while from the 
mirror stone. That the surface film, in spile of its paucity in precipi¬ 
tate, causes weakening of the color is proved hy rubbing or scraping 
the plate, for then the whitish tinge disappears and the dominant 
lolor appears much mote strongly, and if the scraping' is continued 
it is shifted toward the inure refrangible end. 

After the authors views us above had iieen published, he heard 
of Lelunantics work on the same subject, but the results of the two 
workers are not in agreement. 

AccortUng to J^hniuiin, white is formed not, ns assumed by Lipp- 
niJthJi, by the confusion of tho incident light of various vihratiuiw 
from the Jamina\ but hy reficclion from two lamina! correspond- * 
ing to eomplementiiry colois. As proof of this assumption, Iveh- 
juatin advance^ (1) the possibility of obtaining pholo-jnicrograpbs 
under -speci.'il ex|ierimeiital eonditiona nf the ri’gist ration of two ayn- 
ehroiinus waves; (ij the spectroscopic examimition of the light re- 
lleclcfl from tlie whites of a picture jdiiced in a lieiizole luuk. In 
the latter case he observed that the whites of the picture ilid not, as 
the wliitiTs in nature, emit a eontinuotis spectrum, hut a discontlnu- 
fiiis one, or n cuntiniioiis sp<!Clritili with two or three dislinct maxima 
jirepondeniting. From (his Ijehmatiii eonclndes, in agreement iiLso 
willi Ffaiindler* that the plaie^! do nol possess the power of regis¬ 
tering simultaneously a greater tiumlier of waves of vaiyiug vibra¬ 
tion, but only two or threo. and he explains tho formation nf white 
ami gray by the well-knowm property of the retina of synthesizing to 
white when two eompleinentnry colors act on the rods. 

In principle thb coincides with the authors ooncliisioDS as to the 
formation of two kinds of lamime; but the qtie#!tiori does not appear 
to the author to be e-xpcrinientally proved, for, as will be seen later, 
the ilwper lying lamime do not, or only in rare cases, help to pmdtlco 
the colotj;, 

I^hniaiin’s conclusions have caused the author to repeat his experi¬ 
ments, and he comes to the conrlu.Amn that hrillant whites are* due 
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entirely to the first mirror zone and not to lamina!. The following 
are abm ailvnnoct] in favor of the author'a views, ami timdi against 
Lehiijann^a: 

ft. If tlie whiter atti nibbed with a pad dipped in uieohol till the 
niiiTor Jiciiie disappearH, there appears first blue violet, nlLliough the 
opoeih' of the melallit- particles is appreciably reduced when esam- 
inod iiT transmitted liglit. If the picture ia still further ruh!»ed (ill 
quite transparent, the while never ap|>ears when it is put in the 
lieiiKoUi tank. The colors behave quite differently as they ^appear. 

b. If u very thin plate b used so as to jirevent (he fortiintion of 
the uiilauiiiiuted zone, all the eohm will lie visible when the pliite 
is looked ut from the back, but wfiiiv is never seen. 

c, If a plate is left, without vambhing, exposed to the air for 
some mouths, the white! are the first to disappear, prolmbly on hq. 
count of oxidization. This rapid alteration cun be explained by the 
fact that tile mirror zone, as idrendy pointed out. lies absuliitdv’ on 
tho surface of the gelatin. 

cf. Every tiling whidi attacks the surface of the gelatin of the 
developed plate, such as washing, friction, depMition of mercury 
oxide on the sensitive film, etc., prevents the appearance of the 
whites, whether tho plate is examined in air or benzole, 

Ill underexposed pistes, if no color of tin.' longer wavo lengths 
gteisn, yellow, and reti has acted, notbiiig but a hriJliant white k 
obtainnl on intensification, especially if slow-netiiig iilutes are used. 
On the assumption that tw'o complementary colors, for ijistance, red 
and green or j'ellow and violet, have Iweii registered, this formiitiou 
of white i.s incomprehensible. 

/. IVJiites aUo appear on platea which liave been expotsed without 
the mercury mirror, and in which the lam true are extremely thin. 
'I’he white obtained by inteiaification is as brilliant as in pictures 
ohtaiutxl under the ordinary conditions. 

(/, White is ahw obtained by the intensification of pictures taken on 
nonorlhochromatized plates. 

A. The examination of white in oblique light, that is, under the 
glass prism, shows, us already* mentioned, not the least qualitative 
change, whilst all other colors are shifted toward the greenish blue. 
It should also be noted that whiUt red, in passing into blue-green, 
mi^ the orange*red, yellow, and bright green, the blue only allghtly 
* tonard the violet. The result, which can be easily explained 
matheniatiCQlly, u not in favor of Lehmann’s theory. If the wliite 
IS actually formed by the action of two reflecting laminoi Ijclongino- 
to two coinplementaiy colors, as, for instance, red and green, it is 
not. obvioi^ why m the shift of the t^d into blue-green and the gnsen 
in o ark blue, that ta in the shift into two colors which are iio longer 


250 ANNUAL llEFOBT IKSTITUTION^ 1007* 


conipleiiientnriesv the white dcK?3 ncrt shift into a mor^ or ktas db^inct 
blue, and therefore disappear jig white, 

/V Later esperiiuenla on ihin ^^ctions have proved that tlie tine 
lines at L^tiul dislauoe£» which belong to the whites do not as a rule 
exceeil Him*, and that^r apart from the tra;i^parent intervals la^hind 
tlie mirror koiic, the spaces bt^tvveeii the hijuina! are filled with a 
rliffuse preeipitiiie. Under ihesrO tvindicions the interferejui^ artiori 
of such la mi me iiiunt l^e nih even if tlie incident ligji^ reaches them. 

Finiiily. s|)ectr(*scippic esaiidnntioii of the pure whites shows a 
eoiitinuous image without gaps* which b more or less stniilar to the 
rouliinious apettruin frotii u wdiite object. What is the diffei'cneej 
asks the mithor, between his and fjehiuann’s spectra] examinutiont 
Tlie uiuhor thinks that Ijchmann did not test pure brilliant wliitcs, 
lis ol^tninctl by Snteii^tficiUion on slow, fine-grained plates, but the 
haIf-W’‘bite with a bluish or violet tinge, w*hich iisisalh^ appeal^ in 
fust pliitos wjthoiir intensifitrntion,* This j^seudo-whjte, when esani- 
inrd in tlio l>enzole tank* appears somew^hat better, but can never he 
conipared wntii white obtained hy Lippmatin. Neiiliaiiss, and the 
nutlior under the slated conditions—'tlmt is, trentnieut with subJiinato 
nntl an aiiiido! dcvelofXT after weak development. This assiimp- 
tina appears to be all the more likely m the author's spectroscopic 
examination of the fliity gray on quick plates wdthoiit bitensifixation, 
as in IvransiH|pr"s pluicSt made according to Ixdimann's formula,® 
shows that the spectrum actually does fKisscss niuxiuiii. 

The author wels never able to obUin .^satisfactory colors before he 
learned how to iiiteTtsify* liut since then he 1ms obtnineil wdiites, in 
jlH sorts of sijlijiH't.s, w'hich are purer and more vigorbim tliati in the 
bcijt black tmd while photograph* 

ANALYSIS OF THE OEiVY ANU OAKH PAETS. 

The dark tones, or thoc^e mixed with black, are dependent, accordr 
ing to (henry, on the fineness and transparency of the lanujur. If, 
for instance, we esamine a dark green, iis in fig, 16. we shall see that 
the mirror is i|inte nlH^yi^nt* and that in its place h a colorless plane, 
Xnteworrhy also is the -^mall numl>er of lundna^^ only four or five, 
and espExially their eslrttordinan^ transparency and light yellow 
cmlor. fti many cjlscs the laminEC appear to ron.slst of a single row 
of yellowish gruiiiA, The intervals arc dean, comparatively large, 
and quite free from precipitate. Under such conditions il is obvious 

«* Aff a maner of fiict LpUciDun rtnteis in h!a hook ttaf Le tte^er ifurnaUten, 
®The autber'a exuertuwmta with l^nsaau'H pktw with tlw npcrlAl tlltiT kavL- 
exi-eLleat nwalts and color roiideiiaffv All ottf^rts to 

o^italn a wMte were failures Further, tlie colors arc a^ujewliat 

lookloiiV 
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that the plate will retlecT only ii nidiall pari of the iiicidont light iiiul 
ulijo ttillow the dark background of the on the back oUi die 

pinte to shine through. Nat uni Hr, the uubir will be much darker 
the pulcr the hinunni. Dark colum iiIhu tifipoor veiy stable when the 
pkle ia iiilibvib a fact whirli is easily iiniien^uod when uir'^ hears in 
mind the estmonlinarj^ trauapareney yf the himinne which take part 
in the Luterferenee. 

t!lULl.txl.\C\- AND rrEITT 01 ’ TIIK 1 NTBBi’KRl!XCR I»^I1 jO|IS, 

Everyone who has ivorketl at nil with the Lippmnnn process will 
have observed the great dilferences in llie purity nntl brilliancy of llie 
colors. Some very triitwparent plates reproduce tlie whole of the 
spectrum in bi'illant pure tones; other emulsions give all the coIoiNt 
hut dead and impure; others aguiu oa though covereil wiiii n gi'av 
or while fog. Some fairly sensitive plates, which give otlwrwisc 
ptiotl colors, convert the white inici gray, violet, or crenni: others 
again give certain colors, usually red, uraiige. and yellow, fairly well, 
but are totally wanting in green, blue, and violet. 

In order to iinderstnad these phenoiiicoii one must bear in luiiid 
ihttl Sieiikcr s e.vaet theory is only carried cult under defcjctlvo condt' 
tions, due ehielly to the sjwcial nature of the photochemical action*:. 
'J’he Itiuiinir are not uhsolutely smooth and sharply ilefined, nor uiv 
they everywhere of equal iLilckness, also tlicy do not possess ihul uni- 
form perfect Lranspareucy which theory rwjiiires, .so that all may take 
part in the interference of the iiicideiil white light. 

The brilliancy and inteimity of the imerference colors depends, nf 
least .so it Ls grnerully A.:ffiuiued, on the perfection of the lamellar 
stnicUire of the ]>lal«, and the ]jnrlly and brilliaury of the colors is 
grpHter the greater tho iiumlwr of the rellecting laminui. DroadJy 
this view is correct, luit theoiy does not coincide with practice. The 
author states that many of Iiih pictures of groat brilliancy and tnith 
rxKi^ only three or four fespocially brilliant and citrrecl n-flertiiig 
lamina.*, whilst others with jten or twelve regultir ilistinct lamin.'c 
gave less bright pictures. The brilliancy of ihe rolois tints depends 
not on the fjimntity, but the quality of tin* lamina; and intervals. 

From some hundreds of very careful observations t he aullmr comes 
1.0 the roiiclu.*iion that in most cases the color is tine to the Jicllection 
and interference of light from the two iippcnuOKl lamina*. The 
deefie^lyiig ones luivc very little ly do willi Llie formation of tlie 
coIuin: in the first place because they receive but litlle lighi, mid 
therefore can only rellect lit He j aNjoiidIv, liet'auw they liavt* not 
siiarp limits and are not wpnmted Uy tierfwtJy colorless intervals, so 
that the light can not he properly analyzed, but only ditfused; and 
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ihmllv. betrutLse by develi)[)nieti,t and intenajfieatioii the two upper 
filing far t^iiriini^ die odiet^ in reflective power. 

The most, importnnt experiments which support these views nre 
Him pie and easy to interpret, 

I, As Mlrendy noted* and as Xeuhauss states-, nibbing the dry plate 
wkb n pud dipixni in ubstiUito aleohol irauHes [be v^iluivi to shift to- 
WLirii the v'jolet. Tlie red beeoiues urn ii^-red, then yellow^ then 
grt^n. ond finally blue and yiokt, and these colors persist for an iin^ 
limited time in tlie dry jdnti!^ or if it. in immersed in u Itenxole tsiik. 
This is explaincil by the ei^ion of the fii>it lamina. If the friction 
is twntiniied die violet disappears find the original color upjH^ars;. 
Tills will ouiair once or twict^ but it is then so dark and dead that its 
action on llie tint of the itndcrlying part of the plate is ulniost nit. 
Friction l>e 3 ™d the fourth lamina pnxIia.*cK complete disappearance 
of die originiil color* Friction is tlierefore an exotrlleut method of 
studying the functional action of individual stones. 

Tlic abcjve pheiionicna are quite clear on the assumption that only 
the first two lEmuua% or perhaps also the third after intenHiiicalion, 
take part in the formation of the color. As a matter of fact, rubbing 
with alcohol very slowly reduces the thickness of the first Ifimina^ sej 
that die distance Ijetween its surface and that of the second latuina is 
redtireiiL and theix^forc it has all values lietwccn the half wave lengtli 
of [he original color and violet* If the first lomina is* completely 
removed the surfnee of die gelatin is formed by any plane which is 
]iaralle] to the first lamina. In this case the distance between die two 
reliecling iilunes^ i.Uat of the siirfacw of the pinto and the second lam- 
ilia, already smaller thim the half wave length of the violet* and theie- 
fore no wlor can be prtjdiiced. If the diirtl lamina is not sharply de- 
tinevl mid does not possess Huffiident reflective power, color ilefiidttdy 
disiup^Hyirs, In certain cases, how'ever, the third and even the fourth 
lamina ure effective^ and then w'e luive dm original color* but verv 
dark and deacl. Thus die color of iin orange, after it has dmppearetl 
through removal of the first Imninaf nppcftrs, througli interferentx^ 
lauween die seeoml iind ihird filnis, brownish or diitk orange^ when 
cxmnintHl in tlie lienzotu taiib, 

3. Tlie correctness of these views is shown by an exarnSnution of 
thin sectionK obtfiinrd by haekJng the gelfltin crisscross fa^sliion with 
a scalpel. Treated thus, a red which had shifted into gn^en showeJl 
that the firnt lamina only had become thinner; the ap[>camucc of tlui 
blue was coincident with iLh ahnost complete disapppanmec, and the 
naippetiniiice of the reti* assuming diat the s^^cuud and third Imiiime 
were not tlamaged* took place when the friction was eniitiinied to th« 
second intervaL The original color imall}- disappeared with dm 
di’^tructiou of the trecond latuinu* 
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S, As already stiitecL ihe brilllnncy of tlie color is indepciiidfpm of 
the lliickaess of the plate and Duiuber of the Iwminw. V^ry briLliiint 
colors arc sceu in fiiiite tliiri phitcs of -t to 5 pr* iJiickness. 

This refers mohily to ooloml objects, in whidi then? ai'e iisiinUy 
cOlJiijxiurid colors* With spcctm ple^o-uucrograplis of iLiiutoiiiicral 
preparations or, briefly^ when pure or tilniost pure waves act oti the 
plate, the deep lyin^ laiitiiiw are alnifeit as well f<jnued as the surface 
ones. Naturally in such cases friction oidy destroys the colors with 
the fourth ur fifth Jiiiuiniu 

AiiALVSfS OF WIIITK IT-ATES CACSKD JlV ESCF^^JVE INTKJSSIFK'ATKIX. 

The above results of tlie aiithor^s researches on the whites elucidate 
a plieuoineuon which is often ol^rved Iwfore or after fixation, when 
a plate is intensified with jjcrddoride and uuiidiiK plus sulphite^ 

Tt has alrciid^’^ been stated that the grains UTome larger, amd, tbere- 
W, doi^er togetlicr. Conseciuently, the reflective jaiwen piulicu^ 
larly of the first lomma, wliicb is most easily at tucked by tlie reagents^ 
ia iii{.'i%>£LstN;], 

So lo)j(j as the |rraitiH of thfi first tii^taJiio film poes(!f$$ a c^rtairi 
irnnsparoncv tins color dinsj not niarkediy uUer. as ]iiirt of tho inci¬ 
dent liglit leuoliis the secontj liiminii ami ts rcHtelwi luicL If, liow- 
ever, ns is penenillj' the case w'itli u ifL-coiiel inteiisific-ation, tlie first 
flltti loses its trnnsjiareacy almost eutin-ly, lUeii tlie ratio of Toflecl- 
ive fjfi^ier of tlie fii'bt two films is aUcHs], as tliat of the first pre- 
ponderatm. The result of this is that tlie color presents a dirty while 
appearance, and the want of transparency is greater llm thicker 
the ■grains of the lirsi latjittia become, Witli great intensification the 
colors rnnijiktcly ilisitppcar, especially in the fully exposed parts, and 
the picture appears as though coveiixi with a mi Iky fog. 

Figs. 7, S, and 3 show' the apiiearance of a seta ion through almost 
pure green before niui after intensification. Before intensLheation the 
laRiinje are pale anil fine-gruinwl, and tlie metallic pitwipilnle is 
ulBioluteiy wanting on the surface (fig. T). Tlierefore the light ran 
Ijeneti-at(! to tlie second aud third aim, nnd their analytical and 
reflective actions are added together. It is fjuite different in Rg. 0, 
which is a section’ Ihroiigli the same color after two intensifications. 
All films, Kspecially the first, ad like a*white-producing mirror—that 
is to aay, they contain oxtraordimirily coarse gniijiB and have lost 
the best part of their trams pa rency. Moreover, it can Iw seen that 
each film ims becoiiifl distinctly thicker. The limiting none hms given 
way to Uie mirreor zone. Fig. 8 sliows the same color with one inten- 
jiiGcatioiu 

1 lia ptTictical rp;i^ull of r£^-E?nrcli(^ k^adi^ one to tin? 

fide that f/iiipimiiin photochroincs should be intensified once to give 
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^LTQod bTit iilKJuld nGv<*r bo iuieiisifitHi twice^ fld otherwise the 

first kmin^i wUl be cotivertei] into an opaque mirrorlike jilm, and 
llierefore the chromatic mterferenee which in siiocially prixluced by 
the tiucond lamiiiu can not longer take plucE:, 

AS-MiTfilS OF OnaiKSFlxSElj in-ATE^ 

* V 

Even by mere e 3 (a mi nation an overexposGtl pirLnri'! show? a luster- 
loss whitej gmyiBh or pinkyj and moi*e or less pnrOj but liard-sUhou- 
el tod calory ^lirroscfipie nnalyfiln e^phiins tilts phenninenon^ wliidi 
IS crno of the most frcipient defects in workitig l^ippmann's proeoss. 

The hunime of such plates consist of a thin yeUnwish and extraor¬ 
dinarily pale precipitalOj which allows more light to pass to tini 
underlying filnis than xinml. The intcr%^ab ali^i are more or less 
strongly acted upon; tlicy show n delicate, light gray grTiiii fncfna- 
tion, so that the contrast Iwt ween the la mi Die ami inter vals is con¬ 
siderably deci-eiLsed (fig, 13). Einally% tho first koiina b coinplctely 
wanting or rcfluced to u pitle indefinite stripe (figs, lia and 13). Thb 
paleness is more or fuss seen in the second lamina* The plionouienon 
rnitiitally depends on the fatigue of the surface i'eginn of the sensi¬ 
tive fihiii which k so strongly solurized ilint it can not be tedueed to a 
dark color. 

’V\^ntcw show in overesposeil plate's a veiy pale and transparent 
mirror film, wliirh with conriderable solaris^Htioii may even W totally 
al>seiit. The pair, Hmnlh yellowish and altna^ invirible grains 
no reflective power. Behind the minor zone are various fine stripes 
without contrasty and an extended region of irregiiltir and coiiipam- 
rively vigorous reduction which extends to Uie gbirts* 

CHANUE or COLDU JIT OVF-nJ>FVKlJriP3aEXT IKa'EXHfFlOATinX. 

The leari ov en^tepping of the correct exposure leads, a.'* will In* seen 
later* to fnbihcatioti of the eoloT^ and loss? of the whites* lied and 
omnge are exceptions^ tlie two eoloni which from their poor photo- 
ulitjziirnL jiclioii rather gain than lose with iiiodemte overexpcisqjre. 

The color value of the pictiiHi b also changed by overrlevolop- 
iiient or intensification^ even if the plates are correctly or g^Ughdv 
tindereX|iosqcl. If the dmnage js not too great it can la- cNijttaliicwl hy 
c-ementing under a prbin with Ciinada balsam* as then the gelatin 
loses A little water, and t lie ref ore the Inrniiiaf get nearer one antHiier* 
If the fault exceeds certain limiU. the colors are so fabitied that 
* neither in moderately oblique light nor in a benzole tank will the 
picture give tiie true colonf* 

Microscopic analysis shows that ^ueh color clifutges are to bo 
ascribed to a thickening of the first lamina, which then readies the 
surface of the gelatin. Sinee by this thickening tho difference itx 
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the pnth of the rays retlectecl from llie surface and from the interiur 
of I he [>liiLe is eniargeth the mim wave lengthy even with normal or 
lilmoat norumh illumiltai^on:^ w^hich produce the lamiiiic, will uot pre- 
doiititiutL^ as will light of a gr<aiter wave leoglh. 

Ofie of the moet nupleasiiJit and imist frwpient oeenmences ini Lipp- 
inami’s procei^s is the traimitioii uf tlie blue and violet into white. 
This change is due. not to a narrowing of liie inters als, but only ami 
alone to their Iej5£sciied transpareTiC 3 \ and especially that of tlie 
wdiich then mcIk as an oj^aipie screen* It is thus tiuite iininaturial that 
the laniinte luid the deeper-lying ones a it sharply defiiiwL tjr tlmt 
the top one roiiiains intact^ thu waves of light. Ciin not act ually ijcne- 
trate to the lower lumiuav and therefore can not prod nee interference. 
In p\a\&i examincKl without a prism and without ihe Ijcnjiole taiuk, 
tills troiilile oftcfi appeal^} if the blue sliows wclh because the liiniling 
±iunt% as is canily scen^ is the moiT Lroubte^ioine the shorter the wave 
length of ilie light* 

If the lank docs not remedy this fault, one can revlnce the plate 
so as to enable the light to penetrate into the deptlis oi the film. As a 
preventive the use of light st^rt^ens lias been stiggestcd to retluce the 
energetic action of the sliorter hptTtnd waves. Such screens have 
bern iiKeil by all esperinicjiters, and especially by XonhotLS:^ and Ijoh- 
mann, xvith good rciinlt^i;. The utithor iiHes a weak sol lit iou of aniline 
yellow with some emhrosine in collociion un the hack uf the phitej 
the UKc of the screen, ^vhicli k nithei- expeimive. b thus tivoidefJ. AUo 
a screen id>sorbs n great deal of llghtj and if not of first-rate iiuidity 
detracts from the purity of tlic pictures. 


TAI^inCATIOlS OF THE COIjORS T1!R0T:0I1 iyr THE Pl.ims, 

Similar fabificationsi of the colors appear in the use of too dry 
plates in damp weather. The correctly oblaincil and lised himtnai 
become considerably farther itpart by idisur[>tinn of uLinosidipric 
moisture^ and the oft-noted fault of u shift of the colons lowan.1 
the r^ isseeii^ and green becomes yelloWj and yelhw oraiigi! or red^ 
mid so on. In order to obviate this fault the plate shotikl lie brought 
into hygrometric equilibrium with the air. A somcwliat dangerous 
reniedy h mlucing the grain of the latuinn' with a reducer.^ 

“The rediiirera uiiu dilute |K»UL4aaiuai cjaaldi' iiDlntlcai« when ri¬ 
fling rofit&re tljc iTlQra of evordiwploiRHl ur Jaasp But nnl only .lo 

the KuJTer aevereiy^ bui aftrr soaie tlaie the imtLn lijlL»iidii'3 ver>" miicliK 

ami the ptclDre budomeH worn?. The a(ltJi*>r Iikm therefore entirely K^tii lap 
the use of rcdufefw* Only Iti Itidlviilmil emwa c1oc« lie uj 4 e It Eueally to rei^ltjn*! 
the Islues a ad violetR Thtii retouchlna Is done on the wet platu with a flue 
lirtodi dipped \u weak patin^ijiD cyanide solution. 
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The reverse jihenoiijenun nppear^i when the plates nre placed in the 
benzole tank or motinted with a prism- The change of color thus In¬ 
duced is tovrard Llie more refrangible end of the spectrum, uud somo- 
tiiiien priwinces the shift of more limn half a tone. For iiistnnee, the 
red becomes orange red^ nnd nraiipe yellowishH Blue and violet^ on 
tile other hand* are scarcely modi lied ^ Ofj ratlicr gain, in power and 
purity. 

This welUknnwn [dienouienon is hased according to the author 
on tlie giving up of water by the gelatine to the Itemeole or to the 
Canada halsann so tlnit niitiirally the distance I jet ween the biruiim- La 
detTrased. In order to get over this diOicidty developnieni should be 
* nitlier longer* so lliat I lie ooloi^ sluft Uiwurd the red, or, still better,, 
the plate shoiibl Ijc wanned Itefore exposure, and just before placing 
111 the mercuiy slide, in a dry big cupLKiard ot 86“ F. 

rALsirtCATiOT^s or tiik coi-oh tonks is tiik nAaici:ii of the pLlAte. 

"^nth Tinderexpofied plates or in places which correspond to the 
shadows of a coloml object, the piteture shows, instead nf the true 
color rendering, another color^ iitiil, as a rule* it is tbe opposite to 
the phenomena observed with overcxi>osed platest the shift being to¬ 
ward the more refrangible ciul of the spectrum. 

Tims the shadows of a head in .sunlight ore brownish-green or 
greenish-yellow, in^teac] of the delicate rusy tint. An orange which 
is correct ly reprodiiced on the ilhiminatcd side shows pm^ green in 
the shadows (fig. 16). 

The.sc and other imperfect ions of dark or only briefly exposed 
objects can be ascribed, according to the authoriB rescisrches* chicifly to 
fixation, the action of hyt>o or cyuniile. Keeping to the example of 
the oninge, the plate ’Was, ns ii matter of fact, nlTected in the bright 
and dark parts bj- ruya of ditrereni inf entity-, rcflectiun.s from neigh- 
lairing iibjcctis lieiiig excluded, but in the afrongly exp(fc^d parts there 
were formed numernus difnse lamina^ wliile in tbe shadow'^ these 
W'ore fine and pale; in many rases tlierc ’were only formed o sinnll 
smtss of yellowLsli grains, 

Tlie canee of tliLs phenomenon* which bad already been observed 
by O. Cramer, is that in fixation there k more silver bromide dia- 
Kolvef] out in the shadows the w^eakcr the action of light, and there¬ 
fore thin lumime iu the dark parts approach iine another during 
drying; while in the lirightly lit parts, wldrh are therefore t>oorer 
in silver bromide, iliey ^m^ly niter their relntive positions. 

From this fact wc mny deduce the jiractical lesson that Lippiiiaun! 
plates should not Ik? fixed. Ijccanse the disappe^anince of tho silver 
bromide a gene 111 ! reduction of the intervals and a ccuii^uent 

fabificatlon of tJie colors. 
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According to the author's ™ws complete B:{)itioiv of the pictures, 
even when nil other operations, such as exposure, development, inten- 
silicatiun, etc., have proeeetled nornudly, causes with normal, or 
iihiiOKt norrnnl, iMuimiintion at least, u sltglU shift in the direction 
of the iiiOLT refratipible eml of the spcelnijii, a fault which ciui not 
la* reiiietlied. as tiiounling under ii prism would only slightly incrense 
the shift: and if this fa dure Inis licon less fre<|uetil1y ubservetl than 
the opposite one (that. Ls, lim gnfut tt dntetnee IxHwepn the Inniirue), it 
is dne to vigorous iuletisilirntinn, which compensates, to a certain 
extent, the com met inn of the iritervuls between the laniiiKC, HCtnally 
hy thickeniiig the Hrst one. 

It is obvious from the researches that the moi^ frequent imperfec¬ 
tions of Lippimtnn helifK'hromes is dtie lo the almost unavoidable 
chaiigi^ of the norma] <]istanr« hetwfs'ti the lamitm>, a change ovuaed 
hy the mcchanistii of the photi*grttphic ojKi'Htiuiis. Under curtain 
conditiotLs- —complete Kxaltori, too short cxjia'iure, too short develop* 
meiit, etc.—the lamina* are loo near ono another, and the colors shift 
toward the blue. In other and inucb less ^■fluently occurring 
fuilui'es the laminar become thicker, the reflecting sttrfaces arc farther 
separated from one another, and the colors are thou aliiftcd toward 
the red, 

ANALTSIS oe riCTUBES WITW MATT FAIST COTA3RS. 

^faiiy emulsions, in spite of great tronsparoney, show a tendency 
to give only matt colors, and actually do not give white. A micro* 
scopical esamination of atirh pkles proves that the cause of tliis 
phenomenun Is due to too little contrast Ixlwwu the laiiiitw} and the 
intervals. The former are formed in sufficient niunber, Imt from theic 
yellowish or bright green isb*gTay color nro not sufficiently di If cron* 
Ibled from the more or less gmy intervals. The mirror *ono which 
reproduces the wldte is very pale nnd transparent, and possesses no 
reflective power. 

In ortlor lo obviate this very* frequent fault, wliich unfortunately 
occurs with every third or fourth eniulfiion, the author has made 
many experiments and obtained Hucccssful results by alteration of 
the dereli)|ier. To increase the contrarts between the lamiiise and tlie 
intervals the followitig Hhuiild be used; 


bn^mlilet 10 l^oqI _ _ 

Aiuji^onlii _ ____ _ __ 

I'yro, I |M?r t-titkt #o3^ ______ 

Wnler ___ 


cult. 

20 

1-1,5 

15 

250 


and the general rule is; HcdncHon phenomena apiicar very quickly 
in the intervals with an excess of ammonia, while the opacity of the 
laminae is increased hy an excess of bromide and pyi-o: but the lamintr 

ought not to be so opaque as to prevent the intensifying action of 
tlie dt'upor lyijjg 
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L.t.UlN..1i; tx n-VTES Eltxmico WITUOIT JMiHCUKr mibhob. 

The earlier experiments of Krone and the more reeent ones of 
Kothil have proved the possibility of obiuiiiing' Lnterferenco colors- 
with Lippuutnira plntes without using a mercury niiiTOr. The 
pictures thus nmflc have only a faint brilliance, and m|uire. more¬ 
over, Miiich longer exposTirts. This is obvioiOH as the stutionarj* wiivts 
are formed by itiUTfcrence Utwcen the tiieideut light uritl the few 
light "waves which art* reflected from the surface licitween the gvlutiii 
and the air. The iiuthnr has repeated the iiitercsting experinvent and 
ohtaith‘d coin pa iJi lively good results of the shorter wave lengths, 
• '’iolet to green; fur Itjas sntisfactorj', htiwever, were the reprotiuc- 
tions of the rwJ, oraJige, iind yellow, IvxaiJiination of sections shows 
in all cases the ptesciice of correct lamiim*, which ore few in number, 
however, and are separotud by iiitervuib* whieJi are not free from 
precipitate. Fig, 17 shows the acetinn through the hhie of such 
a result. The lamina, only threo or four in all. are ctjtnposcd of 
very line grains. 'File second lamina is the best and darkest. In 
the liriiitiiig awnt* there is tio precipitate, ami this proves tiierefore 
that, as with the mercitry niirrop, the surface of the gelatin is 
identical with the first opposite idiase plane. 

The whites obtained in this way are also the same as tlmwa obtaineil 
with Lippinaiin's method; behind the dense thin mirror stone them 
ore soimi fine Inmins, which, di>ci>ic down, rlcgeiierale into uu irreg- 
uhir gray dcpuidt. 

OOXCLUaiOXN. 

From bis long and COmprohemiive researches on the structure of 
the Lippinann lieliochromcs the audior loimes to the following con- 
clusioriH; 

1. As already recogniacd by Neuhnnss, tlie spectrum colors are 
prodneed by a series of metallic lamina;, sepamted from one another 
by colorless inlemik These iilne< occupy a third or a half of Ihe 
thickiicsj of the gelatin. Xi-ar tlie free surface they are diurply 
defined and distinctly separate one from the other. tJic dcoper they 
a» the more diffuse and indLstinct tliey liwome. 

2. Bettvecn the first lamiua* and the snrfiioe there is generally a 
clear aoiie. whidi corresjjfinds to tin* first oppiisite phase or mill point. 
Frequently tlirough intenaifiention this contracts considenibly, or 
completely disappears. 

3. Tlie colon of natural ohjeebj give pictures the structure of 
which agrees geneially with that of the aiiectral colors. 

4. The priKhictioti of white is due to the formation of a dense 
tnclallic lamina, tlie mirror none, with gn*at reflective power, and 
composed of uii opui|ue dark closely rumpacted jirvcipitutt. Then 
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thci‘e are some fine closely contlgiioiii} striticS; which probably cqrre. 
spoiid to the short waves of the visible sijeetrmij, , 

5- The euloi^ mixed with white show wit)i their own lamlDfe a 
thin surface libu, filled with ii muisllie precipitate, the mirror zone> 

11, In certain cases colors mixed with wliito sliow two kinds of 
lamime, largo stripes fur removed from one anoUier, which belong 
to the lung warc-s of the pnaloniinant color, arul one of two fine pale 
films correspatiding to the shorter ware lengths. 

7. The interference phenomenn, throngli which the colors are 
profluced in Lippmnnn helloc.'hromes, can be ascribed nctnally to the 
action of the rays reflected from the first and second lamuia>. 'Ilie 
others have only a faint, but, to it certain extent, un intensifying » 
action. Pure sjieclml colors arc an exception In their formation; if 
the metallic precipitate is quite transparent, the dee[}er lying tones 
may alno act. 

8, Tlie gotal rendering of the colors ia principally caused by the 
correct limiting and perfect transparency of the upper laiainie, as 
well as the nonnal value of the interval All causes, such ns long 
ex[K)sure, overdevelopinent, incorrect intcmdficatlon, etc., which 
upset the ratio of the two first lamlnn} as regards intensity and 
tiuckness, or such things ns fixation and damp, which affect the size 
of the intervaLs, alter the true colors and cause false (oiialties. 
From this it is obvious tliat the gn-atfSt difficulties of the Lippuiatiu 
process ai'e as follow.s: u, the distance of the individual laminm pro* 
durod in the plate by the colored light rluriug the exposure must bo 
strictly kept, in spite of the contracting action of fixation and the 
expanding action of inteosificafloii: A, too little tmnsparenev atu] 
tix) great thickness of the first lamina must l» avoided, although n 
certain opacity is esenlial for the correct reproduction of the bright 
tones. By wireful, clean work the perfect balance of these two 
opposite requirements must bo fulfilled by workers in interforsmtial 
photography. 
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BKONZK IN 80UTII .VJIEUICA BEFORE TITE AURIV.U. 
’ OF EtfROPEANa- 


hy AiinixTT uk MosTiLUfTi 

Honurfint I'rtMeni vf the BocWli pr^hUtoriijw dc Fraitiv, 


Long before the (Jiscoveiy of the New World the India os living 
along the ('ordilJern of the Amies, from Chile to the Caribbean tj«a, 
already knew how to extract and work various metals. 

For a long timo wc have been sure of the presence iiniong these met¬ 
als of gold, silver, ^and cop{>er, but we have been much less certain 
with regnrxi to the use of bronjic. 

In spite of oft-repeatod aj^rtionis we have until recently con¬ 
tinued to entertain doubts as to the use of an actual iiltoy of cop|)er 
jitid tin in Soutii ,\,inericu liefore the European contpicst. 'rhese 
d«>ubts, inspired liy a wry reasonable conservatism, were founded 
principally on the lack of exact data in regard to the composition of 
the melxd from which the objects collected hy ai'chunlogiists were 
made and on the want of positive evidence as to the existenco in those 
regions of very rich ttn-ltcaring deposits, whidi arc to-day activelv 
exploited. Only through clicniicul analyses, with their guaranties of 
accurucy, could a definite settlement of the question lie reached. 

It is the remits of some analyses of this sort, recently made and 
partly unpuh]idled, that I present litre. These analyses, fifty in num¬ 
ber and deaUng with »ppcimens an different in their nature as in their 
origin, furnish ns with decisive proofs I'egnrding an important part 
of the Sotith American continent. 

A first series (Xos. 1 to 26) was intrusted to itjf. Morin fibres, as- 
layers of the Bank of France. It includes objects collected along 
die course of the Misaon of Cr^qui-Monlfort and S^nddial Je la 


•TninHliitlen, by |icrail 8 »lon. of (mpeF mrscuns] at ibi; Prcaifer Ccuerw Pt*- 
liiatorliiue de France, Scsalnn de Perigwui. 1005 . 
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AyNUAi^ EEFORT tsariTnao^'iAK iN&TirtrTioK^ 


Gniiigi?, from tlic following iciciilitii^^ Fir&t, tho ancient ruins of 
Tiahuanaco near Luke Titicaca, north of the high Boliviuo [>lateull ^ 
sewiiiflj from ver^v old cemeteries which hiivc beem explored^ in iho 
viciiiit}^ of Tiira^ between Uyunl and Potosi; third, from tite Re- 
[lublic of Eciiiitlor; and fotinli from seveml IcNi^lilks nortli of tlio 
Argimtine liepublie, between Salta aiiitl the Bolivmii frontier. In ii 
secuiid ( Jfos. 27 to 4S) have lieen grouped twenty-four uiisilyfies 
iRken fioni the interesting work of Juan B. Ainbri^tti upon hromse 
in the CalcLai|ui regioin TheiMj anal^’^g. wen? mUde by ifesesrsL fluau 
J^ J, clicjin!^ of the mint of Buenos Aires, Eduurdo Hunroz^ 

atnd Ilerrertj Diicloux. They relate entiiiely to objects disooveriKl in 
the valleys along the eastern side of the Cotdilkra. northwest of the 
Argentine Kepublic (pnndnces of Han Juan, of Ln Riofa, of CaU- 
marca, of Salta, find of 

^ Art? RE or THE OBJErra ANALnSEH* 

I ATi7‘U‘'5 

j S i J * , * 

A. BoJtif ill tliH' fopni of u double T, u^od to bind tho stones in tba 
walls of tlie tumulus of Afii|]iiuji. TiuLuanaco, ( Fig. 1.) 

D. l{jiives wilb iwrixuidiciibir tangs in lUe center of tlieir blades. 
tFig. 2.) 

C, t'irciilar pieces made of thin sheets of metol nnd piorct;(J with 
boles for siispuislon, 

D. Piiu* with large, flat beads. (Fig. S*) 

E- Flat, thin axes, with slight i^houlders. (Fig. 4,) 

F* llouw, lIiIpIc aXGft, with prouiinojit ktcrul i^houlilefs. In tin; 
ahape of u T. ( Fig* 6.) 

G. Bollsi shapial lEke the Ikttan^ body of a cone* 

IL Metal rotlii witli one end j^harpened. 

I. Smalb huavy, molded sphere, with a stationary ring on tha 
indde> 

J, Open bracelet of a atrip of meUL 

K* jVate with large thick tang pierced with a hole- (Fig, ej 

Lt Afohkd, cLTcnlnr pieces^ one face decorated with (lo^^igns in 
relief and die other fnmislicd with two suspenskm 

11+ Small disk with appendage pierced with a hole for su^peimorL 
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C> 6 yi'e(jr AnASiiHil. 



Ab eseimmntigii of the coroposilion of the difFcrtmi objects and 
lyzed ahowfi, first, out of forty*eight, six of copper, fortT-onc o 
bronze, and one of brass. Of the coppei pieces three were near! 
pure, for they contained more than m per cent of copper, wid 
only a few tenths of a per cent of Wd and iron. These were i 
chisel (>o, 13), a large aa: with shoulders (Xo, 14) from Argantimi 
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jind !i lit'iivy ax with n tong (Xo. from Eciiador. of liard mui 
fioppt^r quite reiiiurkable in quality. The two 1jdlb> from 
Tiahuanuco (Xoti. 1 and 2) were the cmly Bolivian copper pieces 
analyziaL 

Like ull productjs nf a primitive metalliirgi', the brony^ objects tmn- 
taiii, iK'sides mpper and tin. cerliiin otlier metals, but in u very' small 
proportion* 

The majority nf ibe atial^'ses shnwctl kad (from 0,07 to 1.S0). In 
only two aped mens w as fouml mare than 1 per qenL 

Zinc was discovcred in several disks from Argentina (from 

0.S1 lo Lfio). 

Antimony was encountered in very sinall quantHies^ biu quite uiii- 
foriiily ill all the Bolivinn bronzes (generally 0.0^5^ rarel 3 " up to 0.17)^ 
while it was totally lacking in those from Argentina, 

Bismuth was found in several of the. Argentine bronzes (from 
o/>;j to om). 

Two Argentine disks contiiincd nickel (0,78 and 
Silver was just as scam>. A disk from tlie Calchaqvii rt^on 
showed 0.22; two others merely traces. 

On the other haiid^ the analyi^ of nearly ull the bronzes gave iron 
in propfprtions varying from 0.08 to l.7l>; but, of thirty-four pieces, 
tliirt^-uiie c<irjtained less than 1 per cent. It is perfectly evident 
tlmt the iron* as well as the other acces^sory iiieiaJs just considered, 
wjis not introduced into the composition of these bronzes intention- 
ally. They were probably found mitumlly either in the copper and 
tin ores used in the manufacture, or in the attic around these ores. 

An to the essential constitiicntif of these bronzes, copjx^r and tin^ 
tbeir proportions arc vary variable. The stweitnens from Tiahitanaco 
ci^ntained from 5.8S 7o 7.70 per cent of tin, while tliose from Yura 
from 24D to 10.72 per cent. In the bronzes from the Argentine 
Kepublic the variance was even greater—from l.,^7 to Alto¬ 

gether, of forty-one pieces, onlj' four were found containing more 
Uian 10 per cent of tin, the normal proportion in bronze. The mbt- 
tiire of tliese two metals wn.s certainly intentionaL Ti fnrnisbes us 
with irrefutable evidence that the triljcs living in the mineraUlxaring 
regions of the Bolivian and Argentine Andes before the advent of 
Europeans were familiar with tin^ which they knew how to extract 
and alloy with copper. But the unequal proportions' of tin shown 
in their brtinzca demoDstrates that they possessed only quite rudi¬ 
mentary ideas on the nietalliirgy of this Intter metaL 
We have seen by the impurities brought to light in the analyses 
that the refining of metals was very' imperfect. Likewise the com¬ 
bination of their constituents seems to have been rather empiricaL 
It has been shown, for c.xample, that it i.s not in the objects u:l which a 


BEONiE IK- SOT7TH AMERICA—DE MORTll-LET, 


2G5 


largo proportion of tin woiild bavo Iwn paniculurly iisoful ibut 
the groatst percent ago oct-iii^ Thrus, among lIil* bronstes fivjni 
Tiahuanaco, the metal of a knife (Xg. Pi) conliiina only 5M per eent 
of tin, while that of a pin (No. G) has Tjn |>er cent. From Ytira, 
a utensil, a very thin cuttiiig ax (Xo, 71, hud in its imposition only. 
2.10 per cent, while two objecLu piircly for decorative purposes, a 
pin ^N'o. ft) and a plate (No. 10), mntflined up to ft.30 and 10,73 
[jer cent. The contran' would be indisputably more logical. It is 
important to note that the three pieces came from the sjime region 
and l>t*long to the same period. 

ilgre curiou.s still are tho ol)5ervalior(.s on tliis .subject which can 
be made from the Argentine bronKO analyses. A knife {Xg. Ifi) 
revealed only 3.0,I per I'tini of tin; iiut l.l.fift [jer cent was found in a 
bracelet {Xo, 3C), The ladls, which Rhould have an alloy rich iti 
tin, coiitaitied only a cuiiipanitively small auioiint^l jier cent in 
two specimenw (Xos. 21 and 31), and ns little us 3.n2 in another 
{Xo. 1ft). The only piece of actual white broiiBe, or U'H iiietai, 
was a decorative object (Xo. 48) whose proportion of tin was lfi.5,3 
per cent. As for the rest of tliom, in one and the same categorv of 
objects, the f[!iantlty of tin still varied considerably. 

In regard to the big axes with hderal Hhouldew {lig. i>). of which 
four examples were aiiulyKed, two of them twice, what do we find t 
First, a specimpn of pure copier with no trace of tin (No, 11), ami 
the ethers (X«i. 3ft, 30, and 28) with 3.34 or 4,40, .7.73, G.OO or T.3& 
per cent resja’ctiyely. [| is tlio same in lainnection with the t^nia* 
mented disks attributed to ihif Cs1chn(|tii peoplns. We have a tiumbcr 
of analyses of tJieir metals. Jjcaving out of consider at ion the e.xcep- 
tiona! specimen containing 10.53 ixTcent of tin, ilisciuisrd alaive (Xo. 
49), it is seen that the rest, sixteen in niimlwr (Xos. 32 to 47), possess 
tin in quantities ranging in progres.<iivc order fixim 1.57 to 8.07 iwr 
tent. Tlie avcrugn' is 3.GO, 

riitrt hiis betn until n brn^ objert concpniiti^ which 

something tilionId Ije said. The apfiearance of this piece is unique. 
Its pale yolloiv <Mlor and tiie abwnce of nil traces of oxidutitin causeil 
it to be taken at first glance for ii small plate of gob], Tlie analysis 
showed that it was merely ti sheet of probably not of ancient 

origin. The metal ehmposing it contains in pound fibres sixty parts 
of Mpper and forty of ainc, verj- nearly the composition of bra^ from 
which present bronzes of very' inferior quality are made. By chemical 
analysis we are thus able in certain cases to tell whether these ob¬ 
jects are, as regards their age, nt a period iH'fora or after the conquest, 
Anal^ls likewise furnishes ns with vaJuaiile evidence as to the au¬ 
thenticity or nonauthentidty of certain pieces, just as in the experl- 
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nient iindertakoii by Auibrosettu Fftiir spe^miens of nn?tala from ob¬ 
jects tLal were not genuine futnisbifil the fullowing results: 



Daiiijwf. 

i^Zinc. 1 

Tb. 

Liffiul. 



is.ei 

" AM 

4.4d 

• ... .. -■ 

n.i$ 



4.01 


S441 

14,11 

tM 


____ 

as.u 

U.S6 









These alloys, very di llerejii from those known to the ancient inhabi¬ 
tants of the country^ bring to mind the corn posit ion of the bnissea and 
inferior bronsses fmm which are luuuufacturecl many objects of mod¬ 
ern industry. 


















SOilB OPPORTLTXITIES FOR ASTROXOailCAL TVORK 
WITH INEXPENSIVE APPARATUS.- 


By Prof. IIEOBOJE; E. HAI£, 

Hirectar of J/ouiir J^nfur ObULTrafi^r]/ itf the Vaentj/tr tuiUHiittan 

of VKcuA^nyfOft, 


1 hftvc sometimes hearr! )t that the great cost of modem ob¬ 
servatories tends to <])scountge veorkers witli small instrumeiiis— 
ol>servers who are no less Lnteirosted in the pursuit of uMronomicnl 
research than the nstrononiers in the liirgi^ itistiiutiona. It iicems to 
me that if tliere Ls any scrintis disfcouragenient, due to tliia cuims of 
men who are etigoged in original reTicarch with small telescopes and 
incxjNjJisive apparatus, it is a question wheliier large ob^rvatorics 
should l)e e-Htablished. At an}' p<nii>d in the progress of obsert'a- 
tional astronomy tJiere are tiro mr>6t inifHirtaiit subjects for ennsidera- 
tion. One relates to the nocotiiplishmcnt of n great amount of routine 
observation and the discussion of n-fflilta, and the other reJntes to the 
int roil net ion of new ideas find to the btigintiings of the niwv ntethoih> 
’n'hich will make the astronomy of the future. I think we tvill all 
admit that the introduction of new ideas is qiilto as inqmrtnnt as the 
prosecution of routine research, and that sf any cause whatsoever 
tends to discourage the men from whom the new ideas might he likely 
to proceed, that cause of discouragement should be set aside if pos- 
pihle. And Ihcixifore 1 suy, w'ith all ssriuusnest. that it is a fair 
question whether large ol?«ervatorieii, with powerful iiiatnimcntal 
equipment, should be eptablishod if they tend to keep back the man 
who is pursuing the subjchct with Jess cxpeiiKive appliances, and is 
introiliicmg, through his careful constderallon of the possibilities of 
research, the new methods which in the process of time will take the 
place of the oh] ones. I tliink it can Ijo shown, liowever^ that the 
large ohservatorivs shoiihl be a hel]> lather than a hindrance, at least 
by stiggcLsting new possibilities of rescareh, in which most valuable 
results can be obtained by simple means. 

" ^lenOKreptilc report of n lecture dellvwed at the Royal AstroDomicnl So¬ 
ciety, I^Eidnu, Jiihi' 1007, Heiirluted, hy (icriuLasloa, frooi tlie Montlily 
^'otlees of tlic Royal AotronoaiJcal Society Xovcuilicr. lOOI, 
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1 am talking lo-nigUt^in pnrpo^^e at io thft amateur; but my 

definition of Lht amateur is perhapt, si broader one ilian in generally 
aceopte<l. Ac.'eordln^ to my the amateur is the man who works 
in astroiiofuy because ha ain nut lielp it, Ixwanat^^ ha would rather do 
buoh work thiin anything else in the workK and who therefore cares 
little for hampering traditions or for iliflieulties of any kind. The 

utiiuteur ” then, is the person to whom 1 wish to address my remarks, 
whellier he Ik^ connected with a sniall oliservatory in tlie capacity of 
professional a£»troiiuiner, or working by himself whh verv stm|jle ili¬ 
st na mental means. But in speakiiig' to tlie nmiitenr T do not wish to 
deal with work that shall he SMtisfaetory merely froni the stundpuint 
of instruction nr amnsement. I'hat is not my purix^sts Tf it is j>osai- 
blo to carry on reseairch by sinipie nieiitiK that sliall ti^ally lie iinpor- 
taut and usefuh it is my hope In [)oint out some such p^.issnbiIit^es;, But 
I ilo not wish to of any work esre^^pt that of the first clussj nor 

to rccomrnend that any ijivcsligatioiia should be under taken with sim¬ 
ple iuslrumcnts tliat are not quite as important as other iiivcstsgfttions 
wdiich cun be better uuddi'tuken wdth more exiiensive instrinnantsr. 

The problem then incomes one of this chiiracter^—to delenninc the 
ndutive advantage?! of hirge and small te]esco(>es for different clasncs 
of reisejirch^ nod the jKissibility of <!onHirui:t.iiig really powerful instru¬ 
ments nt mcKlcrale expense. 1 ran not pretend to discuss all pham of 
this large problem: I sliiiLl mention only n few' cif ihrm. and approach 
it from a single tlireotiom But liefore taking up the details of this 
discusaiont perhaps I may be iieimitted to say that the concept inn that 
is sometimes formed of the newer cibaervatories* the idea, thai vast 
KUius of money arc cxptuidedp perlutjis without the fullest sense of 
economy, is not always well foundixL For I atii quite sure that if you 
would visit IIS (to take a single concrete ease) in CaUfornta, you 
wmiJd agree that wd have t-uiLsidered the ecanondcul siile of the ques¬ 
tion, that we htive pct^liaps in some instancpis gone almost Ichj far in 
our desire to save money for instrunuuils of re^search, and to econoiiiize 
in certain directions where money ran la? sitve<l. For example, you 
wcudd find that onr offices, onr buildings^ are of the simplest inul leah-t 
expensive charactern, while oiir iustruments and machinery are as 
effective as w'e ran make them, Tlie great ex[>ense of such on obwrva- 
tory as the Solar Observatory on Mount ^^’ilson does not depend in 
large degree^ on the cost of the btstrimients uso«l for in vest iga Ilona of 
she Htin, but in surmounting the diffiriilties enwuntertHl in iitiUsting a 
trioiintain site* deprived i>f the ordinaiy means of transportation, and 
in the construction of largt? tHiuatorial reflecting teh*seopes for stellar 
Work, whirh can not be built cheaply if they are to lie really efficients 
I wish now to come to the question before tis, and to illustrate 
some of the advantages and some of the disadvantages of large and 
smoll instruments. Perhaps you will permit me, in showing the 
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, first sliilf* on tlie sown, to sny that I hiive noine rijfht to iiflrlertake 
ti diaciiasion of rtiis .sort, because I havo viewed the subject from 
the stanil|)oint of the man usings finiall and inexpensive nppuruliis. 
In my first s^jectroscopk work, whicii wos done in a room in my 
fatljfr’g licniso. the instnimoiUs wen? of the simpleet ebiirarter, and 
largely of my own const ruction. Tjitar, a timall building was con 
Strijcti'd for a concave grating of tO feet fwni leuglli, and the ajj- 
pariitiis, although powerful, was not expensive. Stiljsefpiently a 
tower and dome were added, and a 19-inch telescope was erected for 
photographic work upon the sun. After the jirrliminary exjxTt- 
ments had Ijeen completed, ami the spectrohcliograpli liad lwgtin to 
take form, the possiliility that its results could Ix' givatly impro\isl 
tkroiigli the use of a larger telescoj^ suggostixl itself, and for tlus 
it ason I made many clForLs to acipnte a large in.strumcnt for these 
solar iIIvestigiit ions. The resnU, through the generosity of Mr. 
Berkos, WHS the -tO-ineh Yerkes telescojje, whicli pj-oved to be very 
for the extettsion of tlic spitctroheliograph work. The next 
slide allows the inatrument, which you will sw is a large ami e.xpeii- 
sive nuichine^ The ^jiiestiori, then, comes right down to this point: 
Mliat are the advantages of such a telescojw romp a red wilh. let 
us .say, a G-inch etjuatorial or possibly a 4-inch cqciiitorlal ? Is it 
possible with a tt-inch eniiatprinl to do work eomparahle in impor- 
liiiirc witii the work that can bo done with a .lO-inch equatorial? 

The ue.\t slide will show that there was un advantage in pasaitig 
from the Kenwood 19-inch to the Verkra lO-inch, m least for the 
pfiotogrnpliy of tlie sun. Yeiw minute detuils of the flocciili Wei’s 
hrought out which had not previously Iwen knnwri.. Hut it nmv 
easily bo shown that the advantagro uf the 40.inch telescotic for 
most classes of solar work are due more partioularly to its *nreat 
foL'ilt tliiin to iL5 Irtrpe iipertum^ ^ 

li't IIS take aiiofher illustmtion. Here wo have n pictm-c of the 
moon madi- by Profess^or Ritchey with the 13-irich Kenwood telescope, 
ton will Dtuiw that near the terminator is the crater Theophiliis, 
which you will sec again in the nest slide as photographed with the 
4a-ujdi telescope. This photograph taken bv Proft-csor Ritchey is 
prubnbly ns good a plmtograph of the moon’s surface as has vet been 
made and in this case the advantage of the 40-ineh tclesooiic is ap- 

ntitither cii^, as illustrated in the next slide. 

It becomes obvious enough tliat for certain clnsies of work the Terfccs 
teie^^pe ig nat well suited, Elct,. is a pi ctnn. made with the 40-inch 

V coocertusl. nn fiiwrtan! ot 8 lactn-i weraM tio 

\ ^ t«wer in act utltia^. t.ut lUi- grvm 

P>*c,t.*Taol.cd with 
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of tJie Andromqtia Sebub. You see how little it shows* sinee a long* 
fooii$ teleampe, imitiss of vyry greiii uperluns is tint well iLilapted for 
the photogTupIiy of fiiint uebiilie. ^Vhen we compare thbs pichire 
with the nest nnet made b}" l*rofessor liilchcy wilh the '2-foot re¬ 
flector (of 8 feet focal length), we apprecinte inimeflmtcly that the 
40-iiidit in spite of its great iidvantages for certain clfia^^ of work^ 
is whody unadapted for other itivestigi]tion&* As you know\ a 
fractor of niueh smaller aperture and of ?ihorter fcK^al length would 
also give a photngrajjh of the Andromeda Nebula far superior to 
anything that could he taken wiUi tiio ‘lO-inch. 

If we look at the next slide, winch +^hows Profes^sor Barnard'S 
lOdnch Brut'e telescope w lieu it was uiouuted on Mount WiboUj 
where ha was iisiug it to phutograph the ililky ^Yny^ you ivill sea an 
izistrument that is very bJiiall and incxfwnsive as compared with the 
Yerkes telcscoix?. It has a lO-incIi Brashear lens of 50 inchea focal 
langih and certain smalJer cameras ottarhcHl to the side of the tube* 
^Mth such an instraiiieut ais this* superb pliotograplts of the Milky 
Way, like the one [llustrated in the next slide* cEin be taken, which are 
indispensable for investigations on ilia distribution *f stars in thi:^ 
part of the heavenis. Excellent work can also laj done with a much 
smaller lens, provided witli a very simple inoiinting.* A fine instance 
of systematic w'ork with ii portrait lerm Ls ad^orded by Mr. Franklin- 
Ada ms a photographic map of the northern mul ^aiihem heavens. 

It is hardly necessary to recall the fact that the 40-inch conld not 
do this work at aJl, If we attempted to photograph the Milky Way 
with its ^■0 might get a very smulj region on a verj' great scale, but to 
give us any potion as to the general distribution of stars in the Milky 
Way the 40-inch would be a total failure. However, if it were a 
question of studying some star cluster like the one showu in this 
slide, which wonlil tweupy a very small region indeed of the ililbv 
Way, the 40-mdi would enable us to pick out tJie separate stars, to 
study their individitai pheiioniejia, their changes in light mid position* 
while such work could not be done on photographs taken w ith a por¬ 
trait listis, 

I have shown tlic-^ miscellaneous illutstmtions for the purixse 
of empliasikuig, what is perfectly well known to ull of you, that 
each instrument has its p:lrticular fields of work, in which it cm 
accomplish, or permit to be accomplished, various investigations 
which ore not within the reach of other kinds of telfe^pes. But 
I DOW wisli to discuss the question somewhat more specif!callyt 

" Proft^r Bamnni has III antra led In AMTOnUralcal JeLirnal some of the 
ndmliatile reaulis lie boa Llai«elf obialiicd with ii ehmp “tniireni lens'' helong^- 
In^ to nn ordinary A rhotearaub obtuined by utm vritt. thU lene 

Ifl re[in}daeed En plate 1. 
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and in dom|r so J ulmll confini? myself nlmosl otitirely to otjserva- 
tlotis of Iho siiii, although onu inigbl attack llie subject from many 
other directions. The first point is this : Suppose one has a sinnll 
tclvsc'ujM; of -I inclite! or (1 inches aperture ami wishes to ohservo 
the sun with it; iiiul h’l us iisaume iit the tiiitsot that he has no nttuch- 
rneiils whatever in the form of spoct rtuscopes, but that lie wishea 
simply to iiioke direct observutions of the sun. Is there work for 
such on instrument iit the pri«*nt time! If ytiu will examine the 
literatiin* of the subject you may perhaps he surprised to find that 
many years lutve elapsed since wry tureful and oxtmisive inx'cstiga- 
tions have lieen itiade eiaiiltir to those of Langley, which may be 
almost forgotten by lunny nstronoiiierii, but cfurtaiidy ore not for- 
gcitteii hv tho(se of us who follow the sun and are accustomed to the 
ttppt^uraint* of the spols wlien the definition is goo<l, Tlie next slide 
shows the weibknown drawing of Langley’s typical sun spot, (See 
plate II>) You will rememljer, if you have systcnialically olwn'Od the 
sun. that ewry time the conditions become extremely gCHoj, the stme* 
ture of sun spots more and more closely TOsemblcs this drawing. ThiH 
is a ti^pical drawing; it does not represent any particular spot; it 
brings together ubscrvatiolei of various s[X>ls; but in general the details 
of a snn s|K>t look very much indeed like that dinwlng when the defi¬ 
nition is good enough to sliow them properly. This subject has been 
greiitlv neglected for a long time, and it would well repay observers 
with large or Ktiiall instruments to observe sun spots, and to study 
many of the details of tlieir stnictnn? wliich stiU remain obscure and 
difficult to understand* Of course the question of the resolving 
power of the instrument must then be considered. A +*inch telescope, 
capable of sejianiting objects one second of arc aiMirt, would not do 
for tlui veiy finest details in a sun s[>rjt. According to I..anglcy, the 
ponundiral filaments sometimfcj exhibit structure considerably siiinller 
than such a telescope would sdiow; but a 10-inch or I2dnch telescope 
would show everything that has ever Iwen recorded in a sun spot, 
and there are many instruments of that tdao avaibhle for such 
obicrvationsL* Even a much smaller telescope, if carefully and sys¬ 
tematically used, would contribute largely to our knowledge of sun 

• Pop St woiiltl bo of tirfut Inten^l Tn vtuiJy tSie MirtKittitTp of tbe 

ujnbrn^ na M>en tSirncRii n mlnillf fyin bole In tbp foeail iitunc of n poaslthq 
a* l>awi^ dSiS oijitay apfo. 

*It nikifki iHit lio fi>n;utlon timl {ibcitDirrofiby 1* rtlH 1>Phltid ob^son-mtlOBB 

So rereolIJi]; ibo tobiutu utmctuiv of Bitn It can hnnlty l>c donbtcii, bow- 

that if otily the umbrn oml wci¥ pirrmltiod in fall mi tho 

atiil the oxpiiflHim pro|5crl)r PtFifulatwh ntMl valuaLlo rfwnltn be ob- 

laSnotL Hio mnuteur wUl rmilUy umny op^iortiinltlLs for work-in tiiln 
tSeld. 
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spots and of the stnicture of the solnr surface. T might enlarge upon 
this aiibject, but tbie h hardly sufBdent to permit mo to do so. 

Xow let us consider the case of the prominences. If wc have 
availnbla q smnll si^wetroscopo like tJnit udniimble liLth: instruuienL 
designcfl by Evershed, or the one made by Thorpe or a still simpler 
bojiie-mndo instriiincnt. iind alLiich siieb a spectroscope to a J-inch or 
ft-itirU telescope, we hiive im ideal tiqiupmciit for the oltservii' 

lion of the solar promiuences. As a matter of fact, an instrument 
like the 40-indi is wholly unsnited for work of this kind. Von will 
^sily see why. If ynn wish to ol^Tce the eiitlrc pruiiiinonce, its 
image in the focal plunu of the 40'iiirlj telescope is usually ?o large 
tJiat the slit can not lie opened wide ejiough to include the prominence 
without adtniliing too mudi light of the sky. Therefore, for a study 
of the general characteristics of prominences, the smnll inslruruent 
has a great ndi’anlnge over the large one. h was practically out of 
the question with the 40-ineh for us to do systematic visual work on 
prominences. TUlicri the conditions were fKJcnliarly fine we could 
study the structure of certain premineriees, and T never saw any tiling 
more remarkable than such details when they came out under the 
best seeing. But adth the specimscope availuble, and under ordinary 
■itniosplieric conditions, we could not make records of the gcnerel 
form and distribution of prominences tliat would compare in value 
with the records obtaiuablD with small telescopes. 

ft has remained for certain amateurs here in Euglaud verv recentlv 
to show that objects iJi>on the surface of the aim which csc'tiped nianv 
of the earlier solar observers can be obRer\'ed ul any time wlien the 
conditions are favorable iiVJlh n very small instrument indeed. For 
example, itr. Buss ami (Japtain Daunt, and, I Iwlieve, some others, 
have l.>een olwerving the sun with sueli InstrumeuLs, and have Lieeii 
able to see upon lUe disk dark regiotw in which the 1), line is 
strengthened, which T think liuve never been iro^ordcil liefore in a 
■reiftcmatic way. OlisermtionH of the dark D, line uimn the face of 
the film were fonuerly mentioned ns unusual and rather remarkable 
plienomcna, and certainly, so far as I buvo ever seen in the literature 
of the subject, the dark hydrogen Hocculi were never recogTiiKed upon 
the sim by the earlier speetroscopists; but they are seen, at times 
at least, by th<»e geutleinen to whom T luive referred. This T can 
moke quite certain from my own knowledge. Ijccnuse on one occasion, 
when Mr. Buss had d^riliod one of ihe very |>etTiliar dark hyfiremen 
fiwxuh—flooeuli of this type apiwnr very much darker than the ordi¬ 
nary ones photographed daily with the speetrohelii^rapli_J Iwkcd 

• I wl.st i to enU special nltcuilnn to the solor spiwtrawcpcs atiU ivtber Incs- 
peoslT'e Instniiuents nm<ie liy Mr. TbeiuaK Tliiini, of ^rancLester. One of three, 
a iiDlarlaJa« lielloareiHf, luis dime ext-eUimt service im Mount Wjlwa. 
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lip our photographs of that datej and there was the image recorded 
by the spectrolielLograph precisely as it had been described. So that 
if 1 had previously been a little doublful as to the ptissiljilUy of see¬ 
ing these objects with sucli uti ef|iiipiiietiL^ 1 gave up all doubt after 
havitig made that coniparisoti,* One might say that ii would hardly 
l>e pructicabk to oliserve such phenomena in nny satisfactory Avay 
with II liirge telescope. A small one la very much more advantageous 
for work of this kind. As soon as possible we are going to set up a 
small equatorial for the purpose of shoeing tht^^ objct^ts and compar¬ 
ing them with our photogniplis* after having derived the knowledge 
of the possibility of ohserviitg them from ihe work done by Lhesie 
men in England. But we will not undertake systematic work in this 
lield^ as 1 hope the valuable observations now In progress here will 
bo continued. Xo records are made wdtli the si>ectrobcliograpb of 
tho Dj image of the sim at present. We have tried e^cperiments^ but 
so far they have not Iwen succe^isfuL We ought to Ijo able to photo 
graph the isiin through the l\ lim?, but w^c have not done it yet* The 
only existing rtjeord-H ai'e those made by the meniU'rs of tlic Britbh 
^Vsiraiiotnical Association. Tliese observatiotis slionid l>e made in 
conjunction wiili other solar observations, us in ftict Is lieing done at 
the present time* Ttie chamctcristics of the hydrogen lines are Iwing 
observed at tlie same time that tlie^^ D, images are being recorded, 
so that any iciationship between the two uniy bo discovered. I cjin 
not dwell upon this very interesting subject. There is a great oppor- 
tunitj" here for further work of Ingh importance, 

I miiift no’iv pass to the question of ‘UJii-s|>ot. spectra. I need hardly 
tell those who are present that objurgations of suii-sf)ot hpinrlra made 
visually are sometinit^ more vnluahtc than ihom which can l>e tuada 
by photographic methmis. Take, for example* the lines in the green 
region of the apeetniiiL This photograph will suffice to show them. 
Here h the h group in the spe^rtnun of a sun spot and also in the 
spectrum of the pliotosphere. Wo si^e in the spot a large number of 
fine Imes, long ago observed by Young and -Maunder, and now I wing 
studied wilii greai care. Host of these line lines dio>vu by a powerful 
instnimeni photogniphieaSly can be f^n visually with a -wiall spcctro- 
senpe attachecl to a ft-ineb or prolaibly a Idiidi telescope, lUid many 
other [dicnomemi which can not Im photographed 3\t all can be seen 
with a similar equipment*^ There is a certain iidvantuge in obserring 
such sjsectre with Ji larger telescope, provided that the spot under con- 

‘*Ah 1 understanit tlte uiaiterT onlr tJie av’ire conaplcuoas dark UoecaU can be 
obKerved visua lly* 

^ Since the Iccrltin? was given mticij betit^r nbatfwnpb? of ei>ni speetm hare 
been amdy with the 30-fuut Kiiectre^Tiipa atid **tower" telescotie ^al Mntmt 
\Vtffl4jn, Jt still remainM tnw, however^ that viKaol otrervera aiwit Kpe<±n 
can ebtaJu vtirloua tiupcrtaDt result^ uet yet within ihe reach of rhoto^phr* 
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Siidi^rntion h ji squall one. But if tho spot is a fairly large oni? (nod 
hitheKo no ono hfis had time to observe the spectra of stiiull spots 
teniatii.'alJj)^ 1 iJiiiik tliere is no advantugi! whatever in hui inir a large 
lel^opo to forjij Ibc iDiugc of Ihp sun on the slit of tlie i*[H>ctr<i«.‘opc; 
St 13 inerelj a qtn*iiltoii of liiiviiig nn imuge of riioslei'iite rtimetLstf>n 3 
upon the ftlit, and jifter tlmi the speotruseope dties thi* work. So Unit, 
so fae as the larger spots lire conwmeJ, a sninil telescope is quite as 
satisfactorj' as ti large one for i^isual work nn their spectra. 

I Will return m a iiioiuent to the fiuestioo of the relative ndvantages 
o t i€H plioto|ji*apIiic afid the visual nialhod^ uf obst^rving spot ?5pectm i 
hut I want to jwint out in passing iJial. the -iO-inch telescope hns oer' 
tain very definite ndvantages for work on tJio sun. Tf one wishes to 
Obsene the spwtniin of the cimimwphens for esaiiiple, tho advan- 
tng^ of great focal length itiinirdinteh' become iipparent, 'llio width 
of the sjxctroscope slit Ls es.setitially constant; the rhiYsiitspheric arc 
iiiiist have a certain linear width on the slit in order to ponnit the 
base of the chrotnosphere to Ixi observed; and cons^fjiiently the spec¬ 
trum of tlie chrouiosplK-re, as seen with the -lO-indj telescope, is a re- 
mjirknble sight, dhowing thonisonds of iines which do not come out* 
With ii ffxinl of thi' sun. 

Here we have, then, nn il lust ration of the iidvnjjtagps for certain 
purposes of coiisiderahle fot'al length. T think it is not so much a 
question of the telcwojw's a|wrture hei-c, Iwcuii.^* we must not- forget, 
in thinking of tho optics of this ipjcstion, thjit the lirightncss of the 
B^ctnim (for constant purity) is quite indepiuident of tJie linear or 
the angular aperture of the ohiect-glass that forms the image of the 
suti ou Ihe slit of the spwtroscope." IVrhapa it is well to liear in 
mind lliat the brightest solar si>ectnim one can get is obtained with¬ 
out any telescope whatever to form an image on the slit, but merely 
with a collimator of suitable angular ajierture. ISiit a liirge iiolnr 
image is freqiienlly ad^'antllglc(}^ls, ami an wjiiatorial tele.st-ope of great 
focal length is tiecisisarily an eapensive imdriiment. The afKrtnre 
111 the case jtist mentioned is lijs? important than the focal length; but 
even if ihe aperture were only fJ inches and the focal length un¬ 
changed. the tulle must still U feet long, and the mounting would 
cost no Inss than the mounting of the Yerkes teleiW’ope, So if we 
wish to have an instrument of great focal length, and vet krep down 


O W 1 *WI the fficfll leniUlL of Uic ccULniamr Is I Ini I it'd ins In uKuallT the (■«>» in 
n itjiectPnsraiw nttnehod to nn «iiuitorlal tuliflcoiK't. an tunwiw la tUn nninilur 
aperture of the trltNwoi*. |.ermlti. the llnrar ftfsirtiire of Uie spertmeoeneratirt 
Miisftiijei.tb- the ^HwiriitB «lU ihr briBhtiiesa of lUo aivetrmn. to bo 

Iticrwi^ op to n tlmit fi*«l hj: the Nj*e of the umtli.a avalUilUe. With n 
Htat telescope. Is^ever, Ihc iwnllltims Uo not rrtunli.. aln.v the n«rfiiix* 
of the aiNe..-t»Kom. can be Ihcreaaed by merely incnmaluK Uie fomU IvuutL of Um 
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the exi>ensi5e to u n^astjrtflble figure, we must use a telescope of a differ^ 
tnt type. There are tiiiiny other reasons why w'c should wi^ih to use u 
fixed telescope for ct^rtiiin kinds of solar work^ altliongh I should Im? 
the last to admit that the 40diieh teIeseoi>e is not tin almost ficrfeetlj 
satisfactory rtiudiine of its kind. It has, as we have seen, ifiooiiveni- 
ences and dJsadvHiutsiges for sf^me classes of work, but in oUier fields 
its superior qualhies become more and more striking ility after day 
as the observer learns to appivcinte them. I only wbh we could allord 
to Iijive such a telescope (or even a nnich smuller cquatoriul refraelor) 
on Aloiint Wilson, as it would bo of great service for niany purposes, 

Xow let us ccmsiiler some of the pcjsjiibililies o£ the fixed telescope; 
and let me show, for purtn^scH of i.r^}mpJirjsojL ii picture on the screen 
of the Snow tclewope which is now employed at !Mount AVilson 
(plate in), llerti in a rmlostat^^ with mirror •if) itjclies in diniiietej*. 
After p^f^ing to a second mirror the light ls reflected to a concave 
mirrem of TrO fetu focyil length (plate iv), which sends it back and 
forms a large image of the sun within a lob^nitory* This is n very, 
simple inFitrument indeed. ITie first coelostal we ^et up on Mount 
Wil-Hon waii a sniiill one used by the ^'erkes Observatory party of the 
eclifjfi^! of If'OO, and it wiis not original!}' arniiiged for w^ork of this 
kind; so we simply built n wooden sup|x>rt for a second mirror, and 
witli the iiitl of a 0-inch objective of TjO feet focal length we made a 
tolos4.v>i>e wdiich served sidiniruhly for mir solar work until this ono 
was put up on the nioimtain. 

The nest photograph shows the spectograph U-sed with the Snow 
telescope. It is of the Littrow or autncollimating type, with sslit 
and plate holder at one end of a long lube and kns and grating at 
the Ollier. Light from the solar imago, after passing through the 
slit, fa lb on the lens 18 feet (its focal kiiglh) distant The ray^ 
thus rendered [inrallch then strike the grating mid are returned to 
the lens, which fonns an itiiage of the t^pi^clrum no the photograpiuc 
plate, just almve the slit (the graiing lieing lipped hack a little). 
Such Lin outfit (fixed telescope and epectrograph) is an extremely sim¬ 
ple thing to build in iiie-\[>ensive form. Goclostat?, for example, arc 
comniori nowadays for tiolitisc work. One might have a ccelosdat with 
a mirror only fi inches in diameter and a second mirror about 4 inches 
in diameter, and then jjerhaps a tolei^copR lens of 4 incli^ aperture 
and 40 feet focal length. Such an instrument as that, w^hich could be 
built Very cheaply indeed, would give a large solar image, adapted 
for many kinds of f^olar work. 

Let me show you in the next slide how we build onr spectrographs 
in actual practice. This is the most powerful spectrograph in use 
in the laboratories of ihe Solar Observatory. Hero is a little slit 
I bought frem Hilger, the last time I was in London, for a few shil¬ 
lings. All other parts of the spectrograph, except a lens and grating, 
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nrc of Tvoody built in a few hours by a carpenten^ The wooden i-up- 
port for slit fttid plate bolder ytand on a concrete pier, and close an 
opening tbrongh u partition which forms one end a narrow dark 
room* Kighteen feet from the slit^ wiliiin the dark r<iomt is another 
concrete pier. A ^Iidiii|^ wumden suppnrt, canning a lens, and a 
simple wooden moantirig for the grating, stand on this pier, and com¬ 
plete ibi- spoctrogniph, (A idmilar s|x-etrijgTaphi suitable for lise in 
an open roonif is illustratetl in plate v.) Owing to the scarcity of 
gratings^ we are fortunate in l)eing able to ufie one loaned by Profestsor 
Ariuajj of Johns Hopkins University^ If we liad no reflecting grating, 
we could buy a replica vei^- cheaply from Tluirp^ or Wallace, or 
IveH,«^ which would gi ve quite as gtajd ]>botogniphs as we olHain now 
(though the exposurifs would be loiigert Ijecausc of the smaller aper¬ 
ture). They might evtm Iw bolter, lieeNiiBe oiir photograplis of 
spot spectra (made wdth tJje similar si>ectrograph of the Snuw tele- 
scoped arc not whut they ought to lie, nr whnt 1 boia? they wdll sub¬ 
sequently ijpcome.^ I’bey^ would not stand comparison for a moment, 
so far as pt^r fact ion of dehnltion is concerned^ with those magnificent 
photographs of the solar spertrum made by Mr. Higgs in ihe center 
of JJverpooU under conditions w^hicb would ordinarily be called 
very bud even for a croAvclcd city, wdth h-nm cars constantly passing 
in front of the bouse, ^VJth a spectrograph of his own construction 
fe3ccepi the grating), Higgs made tlie finest photographs of tlie 
.solar sjawt.njm ever produced - superior, ns Rowland w'oidd hove said, 
to the Iwst photagraphs madE by himself at the Johns Hopldna 
University. It is obvious that sonietluug other than an expensive 
instrument is required to make a good photograph. Mr. IliggH haa 
the ability, wdiich others may aLxiujn^-, to obtain stit>erb dejinition 
and exquisite photographs with very simple appurutus indeed. 

With a s|jeclrograph of 1 inch aperture and 10 feet focal length, 
used w itli a fixinl teles«xjpe of 4 inchiLS apertnrE and 40 feet focal 
lengLli, one would lie in a potsition to ruajee good photograplis of the 
spectra of snti spots. 

TiVliflt, then, are the relative advantages of visual and of photo¬ 
graphic work? The next slide shows some photographs. The upper 
one is the spectrum of the aun and the lower one is that of a spoU 
Th^ photographs are belter than visual ohf^wvations for the deter- 
minatiori of the wave lengths of unknown lines In spot spectra, jjimply 

* Except ite plate boineri which ie of ft litaTalard zaake. 

«Ae these repUens are not leaeeilai? putlupi, the autCNrolllmatln^ Rpectro- 
graph might In thlP case give wjij- to odg la whlrh a separate cumerA leoa I* 
used. With thojitigoliir aperture here ennAlilerefl, welUniftile ftltnpJe lenBcH wail lid 
oOviaiiBlr wire perfectly? well for eollltDlttar and camera, llie pliotographlc plate 
being fti*t ftt the angli* miulreU to bring u sufflelent rouge of vpactrom Into focus^ 

^ l^ec footnote on IK 2T^ 
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IjGCttnse you can mciusttre the position of a line on the photogt"aph to 
much l^cttcr ndvantage than ynn can do it viHUAliy at the teleswpe. 
1'licv ai'c also iMitter for the di-terniination of the relative intensities 
of the lines, especially tlie fainter ones* But when yon have said that^ 
you have Slid almost evcrythiiig that can l>e wiiil for the photographs, 
and yon have left mit of account ninny of tlie vetj^ Liiiportnnf advan- 
lages of visual observation* These photogniplLs represent the Inte¬ 
gra teil spot spectrum* as it were. Even ^iih a large image of the 
sjjul on the slit of the s(>eetrograph (nnil yon realixo bei^e that the 
principal point of onr great focal length is to have a large image of 
I hr K[>ot on the slit)* wo can iu>l. as yet satisfactorily record niinulo 
differciu:cs in the spectnim corresponding to small detaiis in the 
s| 30 t. If we wish to study these vci-y important differences in the 
spot, we must do so* id present at any rate, by visual means. For 
example, Mr. NewalL your president. tohJ me the other day that he 
hud found the spectrum of the oilier edge of the penumbra of a spot 
to hove tlie chriracteristic strengthening of the lines that is 

observed in the umbrsL which h? a very ililficult thing to explain from 
the standpoint of the hypothesis I have Ix^ii favoring of late. viZi 
that the principal cause of the change of the reintive iutetisities of 
Uncii in a is reduced temi)eratiire of the vapors in Uie umbra* 
I knew nothing idmxi that? I had not Imhui obsi.!rvLng the Bix>t spec- 
tnim visually for many years, anti in our photograplis this phenom¬ 
enon is nut recorilrd. You see* tlicn, in sudi s case the decided advan¬ 
tage, of visual oiiservation.^ I might go on to speak uf other advan¬ 
tages. Fur example, suppose there were a sudden change in the 
spectrum due to an eruption j the chances that one would get n 
photugniph just at that time are small* whereas visual observations 
necpsHiirily oiiciipy a con sitter able jserind fjf time, during which enip- 
tioAS I night lie detcctetl." Even a few res^nlts might, be of extreme 
ini])ortance, and Avoidd probably be wholly nd^sed in the photographs- 
Again, the eslension of certain lines outside of the spot upon the 
photosphere is nut recorded at fill in our pliutographs, bccausse of the 
method we usually employ of exeliiding from the plate all light 
except that which corned from the umbra, and [terhaps part of the 
penumbra* We ordinarily get no trace of these extemsloiL^, but per¬ 
haps the eondiifiions drawn from the study of such phenomena may 
have much to do with the fintil views as to the nature of the spots 
themselves^ 

To mention only one other thing, the reversak of spot lines which 
have Ix'on seen by some obsen^ers have not been photographed with 

* U iHi of cntirrte, ilcftlralale to take pbulo^mpb# bh often ftis pttMible, sSnoe a 
pbotuarapbic record uf o Dinrkcd ctinaae In tbe Bpoctruni, If ffirtunntcly ob- 
talnnU luay Im> unieh more vulnablo Hum the re^ultEi of a few vhfiMl obBorvatJouB 
made Imsiily. 
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our present apparatus, ^Yhether tliej ran be phutograplied in the 
future remains to be seen." Hut you will eertainly agree that the 
visimi oljserver has ii superb opportunity^ which the photographic 
ob^r%^er cati not by any possibility take away from him. 

J now wish to speak rather more pailiciilarly of another phenome- 
nnn mentioned here the other night, which is peettliarly adciptwi for 
invc£ti|nilioii with a small solar image. 1 refer to the differonoes be- 
tw'eeii the speetrum of the c^enter of the snn and the spectrum of the 
sun's disk near llie limb, as shown in the photograph. Here is 
the spectrum of the ewnter of the sun, and here is the spectrum of 
the sufi at a point a short distance inside of lie limb. You will see 
at onoQ the rfmjarkable changes that take place. The broad II, and 
lines (or bands) are greatly reduced in width; and the same thing oc¬ 
curs^ 1 think; in the case of all lines that are accompanied by wingB. 
In thU region of the ullra-rinlet many of these lines have wings, 
which are lot^t or greatly rediired near the edge of the sun* Tliis 
causes a remarkable change in the apj^euranre of the spectrum. Sev¬ 
eral other curious things occur. Xot only do thcMo wings change in 
intensity very iiiudi* hut llie centnil part of the lilies which pcems to 
be sharply distinguialiefi fruni the wingSt undergoes a decideil tdiange 
of intensity al^jo, .so that we finil from a preliminary examiiuition of 
the plates that the lines that are b^lreiigthvnud in sun s|x>ta are gener¬ 
ally strengthened near the edge of the sun* while the lines that nre 
wcakeneil in suiisfpoLs are generally weakened near the edge of thesun^ 
This is tnie* I thinkj in the great majority of rases, Agtiin* we find 
another curious tlung; Almost all of the lines derived from points 
near the suifs limb are sbiftt^ toward the red in the speclruiu with 
reference to from the ttmter of the disk. But there an? some 
striking exceptions^ and one of them la most significant: The lines in 
this Qutiug of cyanogen are not apprccinbly disjdared. As we know 
from laboratory enx^rinients that flutings are not displaced by pres* 
f^tire, wlierea.s lines are thus displacetl. we to have un interesting 
confirmation of (he ^sinduBiori pre^uousjy rcuchrij by llolni from his 
visual ohscrvatlotei of two lines in the red—that the displacement of 
these lines is to Ix^ ast:ribixl to pressure.* 

ftSeme of tlicae re versa ainre itbotoeraphal on Mount Wiraoti, have 
tumerl oiU to bo Z4X»miin Ootihlets (or doubleta sliowlnp; tbe miue robirlmtlDn 
nbreomren). T*lius U fleems noaslblo tliat these doul>]e IfiiaH are ttreduGoJ by an 
Intcaiae amanelle field io il^ts. if an Importaot nw field of resaarcb wfU 
be optaa to YlxUB.\ obseri^^ra having telfseopes of inoderate ela?. 

, * Thill conelusloD lg fartlier eoafirmed by the fact that Uo» of a glvai et«- 
ment, wMeb exliiblt uaectital dlsnlareiQQutfi at n certnta pressare lu tbe Ic^borm- 
torx. In general shew torteefiDQdiiig fiianlarementa near the aun'a Umb. It 
remalna to be scon, bowe^er, wbether some other ^potbcHlB may aot be equally 
oapable of Accounting for tJie obaencNi pbeuonkonol 
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Tim invGstigution is a manj-sided one, with applications to both 
solar and stellar phenomena* There is room here for many imnesti- 
^tors, who can obtain results quite equal, and verj' Ukeir superior, 
in value to any we can get at iloiitil WiLnon, A targe image of the 
sun is not required, bwaiise the effect is vety apprecialile at a di-stanee 
of 2 or 3 millimeters from the limh on our G.T-itich image. It is also 
a matter of no tui|x>rtaitci? whether the deliiiition of the ^iar imago 
l>e good or only fair. The one essential point is that tlie spectrograph 
be fairly powerful, and this hs a very simple thing to realize at niod- 
erate exponse. T hope to sec this sulijoct token up by seveml observers, 
who will determine the shifts and the ndative intensities of the Fraun¬ 
hofer linea. seek for evidence of perioditj changes, and work out an 
explanation of thesio remiirkable phenomena which will httrmonlxe 
with some explatiation of the relative intensities of the seme lines in 
sun spots and in the siicctni of stars. 



I may now touch upon another field of solar research, and consider 
the possihllUy of doing useful now work with the aixjctroheliogniph, 
ivliich is hy no means so e*\t>en.dvc and formldahlc an instrument ns 
one might suppose. The slide shows the first «i>ectroLoliogruph used 
oil Mount Wilson, before w*e Imilt the permanent one now employeil; 
and since the fact that we did substitute a pennauent instrument 
for the tcinpcirary ono might lead to the inference lliat the former 
did not give gocnl results, 1 may add that the ]jh(>tographs made 
with the wooden instrument are even better thnji the later ones, 
Tlmy slum only narrow zones of the stdar surface, but for sharpness 
they have never be»;ti surpassed,** In the iHvistration the spcctnihclio- 
griiph is partly hidden under this spectregraph, and you can only 
get a rough notion of it. There is a rectangular wotden platform 
here mounted on a pier, 

■ In tlir 5-foot niKectroLelliiKnipli now emptureil, tlie UlxtH'rslon ts crent enongh 
for pbotDgrnpbj with tlii* tlyUropfu an well as the tiatciam Uni's. For lltla renaon 
the exi»Mii)re« pri- longer, nni) ibe dcaDltlon somewLiit leiv perfeel, though unite 
■nttnfhi'torr fur pmetlcol jiurtwiee. 
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At cjidi corner of the platform 'wm screwedi u sinall east-iron blodr, 
in which a V-shaped groove hiid been planed. In eadi gi'oove was 
a steel l>alL A movinjE^ pljitfonti, also built of wtMjd, carried the 
optical parts of the spcctroiieliogTaph and rw^led uii tiiese balls, so 
tlirtt it eoidd !>□ rHoved acro^ Uie image of the ^nn (formed hy a 
ctfieloetal teleiseope)^ Tin? motion was prodinml by u small electric 
mot or, Udteil with a piece of fish line to this large wooden pulley j 
w'hich drove a screw passing through a lead nut fiislened to the 
movable platformp The screw was cut on a hx>t lathe and the nut 
<aist on it. Tills strnpie rneehaniEm provided the means of producing 
a slow uniform motion of this up|>i?r plat form across the iinagt.' c>f 
the ^riim The arranj^miput nf the opticul parts was precisely the same 
as in the liurnford fipisctroheliograpU. 

[xKiking at the instrtiment in plan, w-e have a slit here (fi) througli 
which the light [passes* A very simple alit w^ill do. Tins was an old 
one; 1 think itcume from a portion of the old KenwoexI spei^tnihelio- 
graph. The light passed tlirough this slit and foil on a cnllimating 
lens (A^), which may be an ordinary uncorrocted lens if the focal 
length is Hiifficient, IVe happene^l to have some achrcpmatics which 
we u-Sed* luJt they were no Iw'ttcr than a simple lens would be+ The 
parallel rays fell on a plane mirror here (c)^ and were reflectfKl to 
thesse prisms (</, d)- used iw'o prisms^ but one will do perfectly 
wrIU unless hydrogen tiit well as ^!alcium flocciili are to lie photo¬ 
graphed- These prisms had been tliscanled; they weri? originally 
made for the Bnice spectrograph, but tliey wen? so poor tliat they 
couhl not la? lulvatitiigeousiy laserl for stellar spectra, so we bornmed 
Ibern from the Yerkes Observatory and put them in here* llie two 
prisms, with the mirror, gave a total devnation of 180^. The light 
then passed through the camoni lens (c) — here, also, a simple lens will 
serve very we?!!—which formed aii image of the spectnjm on a 
second slit (f). close to the fixed photogniphic plate (//)* By set¬ 
ting tliifi slit on the II, line of calcium, ailcl moving the instrument 
slowly ac-ro^ the solar image with the motor, excellent pholographs 
of the ciikiiim ftot'^tili were obtained. 

The next slide show's some photographs taken with the permanent 
instrument. Such photographs as these, made with the calcium and 
hydrogen lines, oimi tip for investigation a large field, which anyone 
can enter wilh jnat such an equipment as 1 have descriliod—a verj' 
simple instrument, with t-mall prisms and leiisfes, and built almost 
entirely of wotah 

T will show you in the next photograph some pictures obtained 
with the wcjocleu irtHtriiment* Yon wull noti^?e that in this ca=e the 
moEion was not* absolutely uuiform: you can detect the slight irregu¬ 
larity of motion* but it did not aflect the usefulne^ of the negatives- 
This k a direct photograph of the sun; this is made with the Hi line 
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of oalciujii^ And this i:^ the mmQ region a.s pilot ograplied with the 11^ 
line of calcium. I f son]iel>o<ly would go to work witli buch an instru¬ 
ment and lei os know exactly what photogjaplus as these ruean^ 
they would at leiujt confer a very great fuvor upon me, Iwcause hither¬ 
to T have been unahJe to determine with ccrtaiiaty the relative parts 
played by the couiiminns S|iGclruin of the faculEc and the light of the 
Ilj line of cakiutn in prcKlucing the photographs. That queMton us 
^ill open, and inany inveatigalions will be rcijiiirtd to settle it beyond 
cloubL® 

In this II3 pliolDgTuph wn prohahly have a picture of the culcium 
vapor at a higher level tJiaii the level repre^Amted hy the 11, plates. 
You see, for ei^ample, thL'4 hriilgc of calcium vapnr ticrofs the spot, 
which is not shown by li,. Many investigations of great interest 
could lie carrietl on with stich a spectroheliograph as T have de- 
^Tihcil. T wish 1 had lime tn go iiittj tlicm: tlicn.^ is only one I may 
nientlon. and that is the comparison of the calcium and the hydrogen 
images. Mi\ Hutler has asked me to expltiln to-night a point Avhich 
I tmfortunately failed to mnke deer in my talk here nt the last 
meeting of the soc^icty. In speaking of the rtdative level of the cal¬ 
cium and hydnsgen flmcnli, I said wc fniind that the dark hydrogen 
floctnili are shifted sodiewhoL toward tlio limb of the fuii as com¬ 
pared with the corre.‘?j>onding bright calcinm Aocciili^ The natural 
comlusion to wjiich I came wins that tlio hydrogen DlisorptiOTi shown 
in this photogm[jh is pnxlncvd at 11 siimcwhat higher levcb amounting 
to something like l,o(K> inilcrs tlaiii the calcium radiation which gives 
us this pilot rjgriiplu Mr. Rutlcr pointed out to me that the photo¬ 
graphs of the flash jqH'ctiaim show the calcium vapor lo rise to a 
higlier level than the hydrogen gai^, and that the diifcrcncc is about 
1,500 miles. There is nn qiie^^tton about the validity of this result, and 
the point is to show that it is wini>atiblc with my eondusioii. I think 
the reason is simple enough, and lies in this fact; The docculi photo- 
gmphetl with the TL line do not reprcisciit the highest calciniii vujsor, ^ 
but a level considermbly Ijektw ilint; whereas the phe- 

[loitiena known as hydrogen llixicidi tipparenily reprCixaii the upper 
hydrogen in the chromosphere* or in some caaes the prominences 
Lheinselves. The average level t>f the hydrogen absorptinn seems to ho 
iilxjut 1.500 miles higher than the rt^gion fruin which the light of 
cnlciTini proceeds. If, as nccasioiially hapjiena, the highont cJikinm 

“Two pliotoffrnrhB taken with the wot’^len RT^s:^^c^|lc?]|oaT1lpb arc reproduced 
in plnle vi. Th<?j are lua the rirfcrred to la the JeGtarc. Wlucc the atKive 
wna wTlttt-u, pliotogniphB of rortEecs lu soliir ntincHq4hen> tmve l^ecni aiadc on 
MoiiQt WUsoa wltli iLo siHA^l:n>l]oUo^ra|)li, u^hig die Hi* line of hydro^iL A 
Hlnipto wooden fli[wctrobolli>|rntpb would fiulUcG to ndve goexi pjjutoj^mplis of tbeae 
vnrticeA wblcA are Uiua oiiea to lave^ijaHtJou by aumteutx w(tb Haillcd equip- 
tuaiL 
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vapor in the chFomo±?pIierc Lss i*ev:orded photograpUicully, it nets as 
h 3 'drog€ii doe5j, and givis dark aiisorption iiherioineua, diw^ to tliD high 
level H, line, and not to be l-oii fused with tlw bright cnlcmni ftueeuli 
due to IL. 

I see that I must rapidly draw to a close. I niiglit mention various 
{jther methods of employing !^pcctroheiiogTa|>lis. and if anyone pi’eseirt 
should }>e interested at some future time to take them up I shull be 
delighted to discuss (hem in detaiL [ may i^miiik in jjassingtliat with 
a Liltrow speetrugniph, or any long focus s|)ectrograpli, and ji lixed 
solar imagi-t une can imderlitke other work uf various kinds, such as a 
determinaiinti of the fwlar rtiljitEon, along somo such plait as Dimer or 
Halm followed, but iisbig ditTerent lines in the spiHijtrnni, and lieno- 
filing from the a<lvantagi'.s nf photographic inelhc>ds. In all mdi 
work* cooperation with other luvestigutm^ is gteally to lie desirah la?- 
cause it might otherwise fTO'iuently happen that two men would be 
doing the same things whereas it would lie just as easy for them to 
supplement each otber^s work instead of dnpMcating it* 

One other phase of the subject which I Hliouki like lo have time to 
dh^'uss, but can not, is that of stellar spcctixisiMipy. You will thut 
for stellar speclr^Kcopy ii largi- telesco|>e in general does hiivc an ad- 
vantagi^ The more light one can colleci and ewnreiitrate in a stellar 
image tlie more diEi[]ersion can b: employed in the s|>eiTroscope, and 
the users of Iurg<^ apertures therefore do hove nil advantage* in stellar 
spectroscopic work* But the fact remains tbivt sanill instniments run 
be used to very' gi’eat effect in this field abo. provided tluit one intel¬ 
ligently plans his inA-estii^itioiis. I know of ni> better example of 
this than one which t am iMimiUted, by the kindness of Father Sid^ 
greav'es, tq illustrate. Here is ii ph<>tngra[}h of the spectnm^ of 
uCeti, made with a ni^fnictor of 4 inches afierture, with a prism of 
22J° a.fglc ploced o%'er the object glass. The focal lengtli of the tele¬ 
scope If, 4 fiHet. 

The slide shows the spectrujii of Oniieron Cfeti on the 2t^lh Novem¬ 
ber, 190 a, and on the Ist DecfpmlxT^ lUOlj, and brings out wulli great, 
clearncivs tl;e remarkable chaiigEw: which «>cciirred during that iwriod* 
If this spectniiii had Iseen photiigraplied with such an itLsiruiiient, 
let us say. as the Bruce sfaH:lrogriiph of the ^"erkes t)b?iervatory 
attached to the iOdneh teIcscoi>e, there would have been ^me udvjm- 
tagcs, but there would also have been some di^dvnntage.s, IjecauitO 
the entire region eovercfl by the photogniphs made with tliiil liistru- 
mctit (when three prisms an^ used) is a limited one here in the blue. 
All of these remarkable fluting^^ in the less frangible nigion would 
not hiive appeared in the photogmphs, nnd nothing would have Iweii 
known* if one had cnnfineil with sudi an iiinimment to a short 
region of the spectrum, about tha very intcr^ling d^nge^ Esliown 
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m this purlicular case. The next slide idiows another photograph 
taken hy Father Sidgreavi’^i, in tliLs oise with ]i somewhat different 
lEOitruiiiental arrangement — a direet vision prism at the fociLS of a 
lo-iiich ecpiutoriul. Hot you will see the great range of spectrum 
incLuded on the plnte, and remember again that almost all rl\e spec¬ 
trum, except it very small region* would be missing on photographs 
taken with such instruments as the Bruce or Mills sppi^trogrnphsj or 
other tlm^e-prism instruments eni]doyod for the investiguiion {jf 
stellar motions in the lino of siglit. You will notice the remark- 
jihly iiiter\wting and important fact that I he Ih line of hydrogen 
is ahst^nt from the pieture, probubl>% as Mr, Newiill suggested, cut 
out by the ubfrorplitui of t!ie 11 line of calcium—the broad Hj hand; 
perhaps in lumther star lying nearer to us than the star which gives 
the bright lines of hydrogen* This servi«s to illustrate the great im- 
port it lire of the work that can be done with an instrument of very 
small siste indeed, even in this field of stellar spectroscopy, tvhtch 
siHons peculiarly to belong to telescopes of large aperture. As I said 
before, in general the investigator with n telescope of large aperture 
diies have an advantage in stellar sppctro«<'opic w^ork; hut there are 
various investigations of thus sort—and of the kinti Prtjfcssor Picker¬ 
ing 1ms taken up in Imm very cxtoieiive surveys of the whole sky with 
objective prisiub! — which are of extreme imj>ortance:, and wliLdt can 
not carried out with lorge refractors of great focal length, 

I iiiight go on to speak of the possibilities of work on variable stars, 
but they are familiar to most of you. The oliscrvation of many wide 
double stars, my friend Btimhum tells niCt has l>een neglected since 
tiie time of Hersclieh 1 h'«iusc the large instrumeutss, find even the 
small ones^ have l)een devoted to closer ohjccts^ so thai in revising his 
great catalogue Burnham had to measure with the 404ncU a grent 
many wide doubles wliich hud not liceii Iwked at perhaps since 
Herschel diaenvered them more than u century before* Iniportarit 
doiihle-stnr work Is always open to men w ith small itistrumeJiti>j if a 
micrometer is livailahle. 

Then I might go on to the case where a man hm no tele^pe at all, 
and still w^ants to make contributions to astrophyde^. I do nrst now 
speak of such splendid w^ork as Anderson did^ ’ivhcn he discovered 
Xova Fnrsei wdtli the naked eye; hut if one were cnnviticcd that the 
overcast sky of London would never open again, he couid still work 
in his Iftlioratory and make important contribuiiona by identifying 
lines and bunds in sjkjL spertra, as Professor Fowler ha&t been doing of 
late, or by researches in a score of other fields, 

I win dose with a few practical suggestions. One reference to the 
matter of atmosphere. Perhaps some of us feel that if we could only 
ascciifl into the upi>er regioiLs we could get results very much I letter 
(Inin are obtainable in London. But if we stop to Lhinit uf the men 
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vrho work in London mid wbiit lb<jy hiive donq, wc nmst recognize 
thp fact that evtn licre ibe coiidiLion^ are not bad wp: Kcinictimes 
imagine. I have often Ix^n strongly impressed (since my ivork in 
Chicago) with thq belief that a smoky atmo^pbero has some ad van- 
tuges in AStronornical work, for it seems that ibe sinking is frequently 
improved in solar observations when the sky is snictky. Ilnre is n 
fine dniiice to test that qiiestioiit and I think it has been tested at 
(treeiiwirh* and that !?imie of the photograplLs taken ihero (both 
?K>lar and stellar) prove that Ltindun smoke does not prevent exceU 
lent definition* 1 examined nither carefully some plated there 
ti-rday, ajnl the star images siro snrpHi^itigly gixwl in nmny instanceiv 
It seems to me tliat definitio!i by night as avgII as by day at Green¬ 
wich must be of an onier much higher than one iniglit siippo^^.^ when 
one of Greenwich as E>i!irig withiii the Waindaries of Iji>ndun+" 

But it is perfectly possible to get good results an^ndiere, providinl 
siiilicient tare is taken. One must ttJiisLder, for esamplet tJie liest 
tinie of day for solar work. It usually happeiLH dial tJje best defini¬ 
tion of ibc ^^un occuts in the early iiiorning and the late aftetiioon. 
Mr. S'eiival] tells me that this fe a^ true iil Canibridgu as it is ut Mount 
IVilson, This is woilh looking into if one takes lip liVork on the sun. 
Further^ one mufet have a definite plan of work. This is of prime 
]iiqKiirtajic?e. Lf'vnEc your entin? altention to n single investigation, 
involving, if possible, two or three pa mild series of observatioiiSi so 
devised as to ihrow light on mie amither. Frw[tiently the value of a 
given series of observations may be enorinously etihajiced if other 
ol^^!*r vat ions are available to aid in their inlerpndation. For exam¬ 
ple. in studying tlir spet-tro of stin spot.s, the dmracter of the spots, 
their motions^ and rhangi^ of form, and the dintribiilion of the 
lltKTculi in tJieir neigliborliood* may la! vital factors in Interpreting 
the spectros<ffipie phenOMiemi. Then, again, therv- b the great posai- 
bdity lliat new" njethiHb and new instruments can lie afipHed, Up 
to tlie pri‘->ent time 1 Uiiiik the interferornetei-s of Michelson or of 
Perot And Pnbry have never been systemaliciidly employed for work 
on the sun. That admirable method which Fabry is using in the de¬ 
termination of absolute wave lengths would perhaps lie very iiBeful 
indeed if applicil to-tlie [iieasiiremcnt of the displaeemezit of solar 
lines at the center nod at the limhi I also lielieve that the echelon 
spectnisc<ipe has never lMi?n used for the ohservtition of Uie narrow 
bright lines in the chroino^phen!. Furthermore* we are tdwars con¬ 
fronted by the possibility of perft?cting our opLlcnl apparatus. I have 
been tryitag for years to iji t gewd priJimR of large sisie, but can not get 
homogenous glass^ and therefore it noiiv seems necessaiy to attaek the 

* WlUk- revlfiltig thi» for lepuhllratloa t li^ni witli jrreot pltffinure of Oie 
covery at of an aaitillite of JupHer*—E. LL 
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ptt^blem of fluid prii^<. If somo one could tnke that question up and 
show US how to muke ver>' large prisms that would be i^^sentially per¬ 
fect^ they would accomplish ii great advance. Lord Buyleigh told me 
the other day how be made so!ue targe fluid prisms ttiat gave nearly 
thcon;tical resolution. By an extensiou of the same methods it 
likely that still larger pmmis suitable for the exacting rcquix^uients 
of photographic work, could he obtained. 

And so t might go on pointing out opportunities of variou.s kinds, 
but I sdiould tire you If I ventured to do so. Wc must not forget, 
however, that the possibility always exists of getting some entirely 
new method that will be quite as important as any application of 
the interferometer, or the echelon, or other in^tnimenU to w'hicb I 
have called attention. 

I hoijc I have shown that it is possible not merely to do work of an ^ 
inferior qiiiilityi hut to do work of the first quality, wdth smiill or 
inexpetisive in^rament£»; work that can not he duplicated or will not 
|j 0 dupljcoted wdth large instrumenlB^ in other words, that there is a 
splendid field for any man who wishes to accomplish rc-sults, wUercvcr 
he !nay be situated, and however simple his means uf r^arch may l>e. 

1 feel so strongly on this subject that I hofxe the suggestions I bava 
made will n‘ot bo entirely without effect* IVe need the ideas of men 
from all parb^ of the world; ive ueed the contributions Ibcy can make; 
and we need tliem even more than we need larger iiistruunmiat means 
than we now possess. 


1 
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THE PROCiRESS OF SCIENCE AS ILLUSTRATED BY THE 
DEVELOP51ENT OF METEOROLOGY^ 


By Ci£%^ELA^D Aimc, 


The ultimate goal of sokutiile rfeseairdi h not the ctiUeeLion of fncta 
furiiL-IicNi bj e^plorntions and siirvcys^ not even the exact data fur- 
nLshed by tlie iiio^t laboeioti±4 men^iirfimeriU m in tiJ+tronomy, geodesy^ 
chemistry^ and pliyiaics. Neitlier ig it the fnaniing of a few genernlL 
xntion-s and inductions, such as the general idea of evolution \ nor h it 
the e&labli^iuient of boiiic isolated fiindufnental laws, such as the 
attraction of vitation, the conservation of onergj', the niechanieal 
equivuleiit of heat, the atomic weights and tlieir i>eriodic law. Re¬ 
search aims to go deeper than oil this and show how these laws und 
pheiiomenu result necessarily from a few simple premises—not pre^ 
niises in the sense of assumption, hut axioms that are just as truly 
the basb of the physical universe ns EudidV axioms are the basis of 
geometry. These premises or nxiouLS, so far as we can at present seCi 
aiinofrt certainly belong to the realm of i-vlial we call mechanic^ 
tile law's of force and matter; it may he the mechnnics of molecules, 
atoms, and sonSy or it may be the mechanics of soiidsy fluids, or gn.^; 
that is to say, it may be the mecliatiic^ of Individual molecuIeSf 
or that of masses of molecules. Moreover, these queslions of me¬ 
chanics always involve gome mathematical study—^some graphical, 
oumerif^h goornetritml, or fltialyli(?al meiliod; in ev^ery case the prog¬ 
ress of exact science must ivait on the progress of purt^ mailiematics. 

Owing to the iiumeroys rvlatioirs between ihe study of the atmos¬ 
phere and every other branch of sciencej meteorolog)" has bacti from 
timo to time classed as a part of cliemistry, phy^dcSf geologi't and 
geography, hut m now as^ming an itidcpendencc that its 

recognition as a distinct subject; this fact rtHpiires us to explain dis¬ 
tinctly of what meteorology <?otiMMs* It is not a mere descriplinn of 
atmospheric phenDmena, neitiicr is it a system of mnp^ and predic¬ 
tions; it 15 not a pnpidar climatoldgy, nor merely a mathemalical 

Animal pTCwlilnntlnl before tha I'bUcmoplilcml Hiwloty itt Wtiwlilnatwa^ 
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study of the mol ions of the utuinsphene. Wt must define it as em¬ 
bracing^ the broadest conceivable study of the atnicK^pliore from uny 
and point of view : if we subdivide it nccordin^ to the dilTicuity 

of the subject and the extent of our iglioruticiv beginijing' with the 
simplest and pa^ng on to the more ditlciilt [>ortion% ive may sub¬ 
divide it into descripEive cUtivatology. optical and acoustic plirnum- 
ena, tliemial or tlicniiodyiinmio phenomena, Lytlrodyiiainjc or me- 
diuniwil phenoniena. The two latter das^ of fdienonieiia coosti- 
tute t[ie suhject-malter of the medianics of the atmosphere and 
iiidude all that relates to temperature, pressure, w’inds, cloud, fog, 
dew, rain, aiiow\ hail, and the daily predietions of storms and 
weather- It is in the study of these phenomena that, the progress 
of our science has been most conspicuous during the past century; 
the problems alreaily partially solved involve so much of tlic tiuM 
profound modern physics aiul nmthexiiallcs that one can not reftii^* 
to tuotoornlogj- a notable place iimong the most diSictiU hranchos of 
science. Fundamentally, rneteoredogy is the Tiiechanics of tlie earth's 
atmosphere; all iU other aspects are of minor itiipoiHianc.^ to this and 
it Ls our progress in this lino of i^iaix^b that should especially daini 
our attention. 

A general historical survey of the methods by tvhich we liAve 
arrived iit the present state of our knowledge of nut lire will show' 
that meteorology has passed through the various stJiges of develop¬ 
ment that hove been cMiimnon to all the sciences^ and tlnit in its pres¬ 
ent fetngy of dgorous growdii it alroady sturnh among iho:^ that have 
progressed the furthest. "Flie methods of advancing oiir knowledge 
of nature have lieim tlio same in all ages, auiong all mil ions, and m 
Almost all mdividnal case^ One individnah or one nation, ur cme 
age tmiy ditfcT from iinatluT in its predilections for s[ieeiitl methods, 
but in general we find everywhere analogcnts methods of ihonght and 
work, and they even sincewd each other in tJic ^mc order. Begin¬ 
ning with explo nil ions and crude obs^ervations, inan pasJHUs on to 
generalizations and indudionSn If po^ihlo be frumes speculations 
or working hyptotlieses as to the iiltimate oiikm or the rutiunale of imv 
phenomenon!, itnd then tests his teotiitivo de<luctions by cxiierinieutn- 
tiop until the w'orking hypothesis hiiR lieon so modified as to j-cpi^iit 
some general law. The association of several such law.s leads to the 
budding tip of eluborjiie deductive theories, not speculations in the 
popular sense of the word, hut well-established sysiema, or methods 
of argunientation, that reprint a rational and more or less profound 
knowledge of nature. Such “theories^" are well exemplilied hy 
Gauss's "" Theoria Mot us '' or Hayleigh's Theory of Sound-” 

If at aome epoch a man or a nation is unable "to apply any one of 
the above-mentioned methods ikf study, then the ™1 knowledge of 
nature stops at that point, coid man waits untd the development of 
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his powers enabies him to tAko the nest step in the line of resea rein 
But It hji.^ roimy times oeeuiTed that meanwhile men hav^e sjwnt cen- 
inties fjoundering ubout ninilessiy in the bogs of iguoruncet follow¬ 
ing some imaginary light like the wiU-<r-Clie-wiKp. If dogma tie 
jiiithority hai« Hfimetitues hindered lUe progri'ss tif kno\vli.»tJge, still 
ijioi^ has man'^s inhert^nt eon.'^ervatkiiij by of which he adfiervts 

to the teachings of atitiquiLy^ llie jamicLice of his jjareiiLs, and tiie wor¬ 
ship of iiis Siich cunserviitism may hnild up n family or a 

nation; it may insure the entailment of estates and the |Anver irf 
tjTnnts, but it is n perversion of the cf^mmandment Honor thy 
failmr and thy mother^ to doggedly insist that whai is good enough 
for the pm-ent is ^{kmI enough for the eluldren. The love of truth 
re<]iiires us not only to hold fast that which is g<>od^ hut to 
that which in false. The [mth of progms in uietcorologj' is strewn 
with tha ’ivreeks of ]}opukr ermrK. 

NATIONAL ^[ETEOItUUjrUirAL lUEOANmAl'tOKS. 

Devotion to any seienee hringn with it the formation of special 
orgunizntiotis f(U' its promotion, not only private tn-ademies, observa¬ 
tories. and universities, hm national or state institutions; and mete- 
orologv^ has had its share of Of course^ these organianlions 

jire nest alwaj's mainly and directlj^ for the Iwnefit t>f knovvledge aisd 
science, hut more fmpientiy for the muteriul l>i>nrlit of the in-ople. 
In America, Henry and Muurj: in EngtaniK Glakhcr and Fits^roy; 
in France. Lo Verrier; in ITuUand, Buys Ballot; m Aimtria. Frit'^ch, 
Averc the first lo start organis^ed national efforts to make w-hat little 
ive know of the atiiics«iphere available to the jjractic’ul mH^nljs man¬ 
kind. Our sister sciences* astronomy^ dietnistry. and biology* have 
given us examplei^ of the genera] princiiile that neither tho people 
nor their rulers 'will fiupfKJtt ^ientiffc research a» sucht uulciK and 
except in so far as the research directly l>enetits nr proini^sea to benefit 
them. Popular appreciation of science is expre^d by the ques¬ 
tion^ “'What good will it do uh?" This Lj the inevitable outcome 
of the Htrimuous struggle for exiistence. '"Knowledge is power, 
says one; Km^wdedge is money,” ^^13^3 another; ''VKnowledge is 
fame and posit ion/- says a diird. Only the few enthusiastic itidi- 
vidiiak pnrsiie knowlwlge for her own sake. The majority of the 
peojdu ansi even of univet^ity students necessarily take the so-called 
practical view of the Sfubject. Appropriationa of public moary 
are made in order to obtain results that arc of value to the bnsinesa 
interests of the whole nation. It remains for the adminisiintive 
chiefs to decide how much of the time and money at their dispc^^l 
can profitably be spent on research and how much "on daily routine 
work; therefore the scientihe and national urgajiization:^ have had 
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quito various oxiwriences. It is within boiintls to say that tiie mete¬ 
orological ofliccs of Krojice and CJermaoy l)Cjpu with the filing that 
wc! know little of meteorology (itid must make great lultlUiotm to our 
kjiowledge Ijefore attempting ijratlk-nl foreoists; hence in France, 
under Le Vurrier, sevenil years of experieniO! weiu ii<r<|ijire<l before 
that work Itegatu Tiie Gcrnuin oHice, tinder Ihtve and Von liczold, 
lias thus far restricted itself to climatology and general theoretical 
studies, wisely leaving it to the new nffiiw, just now started, under 
Biimstein, to attempt predictions ft»r the benelit of the puhlic. The 
British office, under Fitzroy, stimulated by (ihtisher^s maps of 1851, 
Itegan iHiklly with predictions, but w»s obliged to iiimlify its plan 
until fiijlher study had slimvn how to make these more acceptable. 
The American office has had a happier hisloiy-. for which we must 
thank the long-continued preparatory studies and weather maps of 
Hcdfield, Loomis, and Kspy, which continued for forty years 

from 1820 to 1800, so Lhiit we really did know something about the 
lieltavior of onr sj)ecial American atmosphere. But especijnlly niiist 
we thank the cautious [mlicy of rrt»f, Jo%sepli Henry and the prelimi- 
nory daily iclcgiaph maps of the Smithsonian, frmn 185-1 to iSCl. 
In 1870 Gen. Albert J. Slyer, fitvortid by un extensive fystein of 
ttdegrstph lines, was really justified in ultempting to undertake storm 
warnings based on the daily weather map. Not only has onr 
own Weather ntircun realized all that was hoped for it hy its early 
projectors, but Prof. Willis Moore as Chief has now assured it ti 
certain degree of perpetiiily hy adopting certain principles titai 
insure steady progiess for all future time, namely, that l)ehind every 
high art there stands ft higher science; that complete success in 
weather fouecusta tiemands an et^uully i^implete knuivledgc of tlie 
sciences invoK-etl in the motiona of the atmosphere; llmt satisfnrtory 
progress in predictions can only lie liased on correiqn>niling ptogre^ 
ill our knowledge of the physics that underlies theoretical nuitcor- 
ology- 

liut yon will say that tli&w are only the ordinary axioms nf the 
modern civilized world. True, nntl it is the recognition of such 
axioms that marks the domination of the Iniman intellect. The otJcra- 
tions of the atmosphere are so obscure that multitudes doubt whether 
we shall ever understand it and continue to rely on the old-fashioned 
signs and the annual almanacs. AleanwMleinetvnroIiigists throughout 
the world are seeking to gain knowledge and light from overv ssourcc j 
everywhere kites and balloons, mountain staliorts and cloud ol^serva- 
tions are being utilized 8,s means of studying the upper atmosphere, 
while on the oUier hand eacii national weather bureau is extending its 
field of oliservation horizontally, so as to secure a broader weather 
map. The in^nght we by the help of mechanics, the help wo can 
dorive from mBthematical physics, the suggestions that wo gel from 
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coemical pliy$ui?% the u^w idcfl-’^ tliat we get from the InKorntory -study 
of cliemistrj’, eJeelricitv* hydrodyuaniiG?^ and rodiatiorh the broaden¬ 
ing of our field of ab^rvation by the use of wirdess telegi'npby. all 
eonf^pire toward the better establishiiieitt of our i^ience and conse- 
ipiently the perfecting of tlie daily pi^ietions, 

kLl’MteNTARV MKTKOIIOLOOY. 

In every braneh of litiotan flctivity we begin with tlie simpIftRt ideii^ 
anil easies^t actions* Jind tlieti progrej^s to the nion1 complex combiim- 
tiflns and intsst difficult constinetions, eventiially arriving at abstrac- 
tioiis of whot^e essence we know nothings but whose effirts are observ¬ 
able and nieasiirflble. This statement applies to all bnmehea of 
science, and meteorology is no exception, AVe liegin with the direct 
tesinioiiy t>f the senses, then we recognize the abstract idea dtat fon."e 
m\i^ pt^rvade nature and tiuist Iw the foundation of all the plienomena 
thnt w e have itpprehended by moans of our five seti-scis. 

The :tlinplest atmospheric phenomena were first obs^m'd* und these 
stimulated tlie earliest philosophers of eluHsicid antiquity* Until 
jiH^t recent times meteorology' w as not advanctHl by the work of pro¬ 
fessional meteorologists so much us by occasional contributions from 
tliuse wliom we onlinarily s^x^k of as iifllrononiei-s, geogi^ophei:^, 
physicists, chemists, but who in earlier times w^re know'n as philoso¬ 
phers. 

To the astronomers we owe eertaitt fimdainicntal facts, namely, 
that the earth is a sphere, that it rotates on iLs axis und revolvcis about 
the sun and that its axis is inclined to tlm ecliptic. To establish these 
few simple points reqiiire<l two thoiii^nd years—from the days of 
Erattvstlienes, born IJ* C,. at Alexaiulriq* down to the tinie of 
CopernicuB, who died in 154S, and of (Jalileo* who dietj in ISVPi. 

To the stndents of optics we owe the exi)lnnution of the tw ilight, 
first correctly given by the Arab* Alhazrii* who lived in Spain in the 
eleventh etmtiiry, but wdio may have dmsvn tniich of his knowleclge 
fruin earlier Alexandrian Greek tnajinscripti> that are now unknown, 
lint even he knew nothing of the iihiniale caU!^ of the refractive 
poAver of the almonphere; lie attributed it to the transparency of ibe 
air ratlier than to its density* whereas Klenmedes* A* D* 50, jM^^emeil 
to imders-taiid tiint it is the density of the iiiediuin that principally 
deLemiines the amounL of refract ion. 

The rainlxjw ond its supplementary laiivs and halos in general were 
observeii tiiore or less accurately in the earliest ages and are mcnlione<l 
by Aristotle, who knew* that tliey de|M?nded in some way upon the 
p(>^ition of the sun. The first steps in the proper explanation of the 
rainlMi-hV were taken by Yilellio^wlio begtui by observing carefidly the 
raiiibowH formed in the spray of the waterfall nl Viteriw; his work 
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on optics wns irrittcn about 1250, but first publbhinl by Eisner in 
1572. Tlip oomplele expJAnation had to wait far the development of 
theories of ihe nsittjre of light by Xewtoiu Flnyghens, Young, end 
Fresnel; in fact* only within the lives uf the pre5?ent geneeadon have 
Airy, Mascarl, Pemter. and Tanakadatc perfected our knowledge of 
hnlfja and rainboivs* 

Mirage and the twinkling of the starn were also olsserved and fairly 
well desicribed by thts early writers in Greece, lialy^ and Arabia. 
Pernler qnote.^ authorities to show that tho mirage in the desert, the 
'■^Serab,-' liy whirh the trareler is decei ved into tliijiking thut he be¬ 
holds a clistiint htke of water* is referred to in many old Turkish and 
Arab dociinients and even in the book of Tsainb. The explanation 
given by tlie Arabs was to the eUect that I hr tleeeptivo lake of water 
is due to water vapor or fog floating over the desert: this error con- 
LinTictl until Kepler dLseovered the plienuinmnii of total reflection of 
light, wbicli bad been independently discovered by Newton luad given 
in leeturns fls wirly as 1673, Uiough his Optics^' was not prmied 
until iTdb 

The r hem Seal composition of the wtinosphere was scarcely suspected 
orsuggesteil by any of the iincient writers, and we must come down 
to the days of Priestley, Scheek, and T^tvoisier to find anything 
known ori this subject. 

The idea that air has physical properties, such mass or weight, 
and that it could offer material resibtant*e to InHiies passing through 
it, was often expre^scfl, but the firoperties- were not satiirfactorilv ob- 
servcnl and tiiensured until the daj^ uf (riililco in Italy and Slcvin in 
irplland. lialik'O, linving n pnmiJ for coinpress-ion, was able to show 
tliut air is a compiiessible gas; bui having no means of pumping the 
air out of n rtsTciver. he was unable to cJUertnin the idea of a vacuum- 
and in fact expbiiiMHl the ri^e of water in a pump as due to the horror 
of ts vacuum, until his pupiL Torricelli, presented the idea of the 
elastic pressure of the atmosphere. 

Otlii!r niet'hani^iil properties of the gases of the atmosphere, such 
as inertia* cenlrtfuga] force, ex|jansion with heat* density, elastic re- 
si!?tiini-e, and vicinity, were entirely unknown to the ancients, and 
w'ere fir^t clearly set forth by Galileo, Torric^dlh Stevin, Desc^rtc^, 
Huygheris, Hook, Boyle, and Sir Isaac Neivton. 

l^CjfimES FOH luaiHAJlCU IN SfEtEOIKJLOOV. 

Tlie association of men into academies? or ^me ef|iiivalent organisai- 
tioiis ilaLes back to the remoU'st history* The wise men or learned 
prie^-l.^ and ijhiloi^jjliors of Persia, Ass^rria, and Eg>'pt were organ¬ 
ized in companit^ connected w itb temples of woiiihip and as official 
astrologers iii connection with the ai^tronoimcal observatories The 
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library and niuseiini at Alyxiintlriiu Kgrpt, founde-d b? th& Ptolemies, 
SoUt and rhijfldelphiis. 250 B. C.t became the ccnier of the most 
famoiii^ !^::hool of science of all antiquity, and deveIoi>ed into a true 
Uiiivci-idty. ^vdiich lusted until overthrown by the Arab ^[ohamiuedans. 
To it wc owe Eratosthenes, Euclid, DiojjhuntuSj Ptolemy, 8yiiHsius, 
and many other matliematiciaiis and astronomers. Tlie observatory 
of Clufirh &!y atuf TanierliUic at 8ajnarktitid was for tiveiity year^^, 
IdSO to l44^^3 a center for tlie revivsil of Arabic science, while at the 
same time in westsm Enrope n revi\‘al of knowledge was going on 
that led Rtidolf II to establish at Prague an acHtlemy that wa‘5 distin¬ 
guished by the presence of Tydio Brahe and Kepler, The ifiotlem 
neadeiiiy of science, (mnsidcrecJ as a volnnliin* assoeiatlfm of individ¬ 
uals for the promotion of knowledgi*. began wUli numerous establish- 
menia in Italy in the middle of the st\lcenth centuiTj and meteorology 
owes alniust as mudi tn the three hundred years of activity of the 
Acmlemia del IJneei* founded in 1003* as it does to the ten years of 
the Academia dei Cimento. 

With the invention of the thermometer by Onlileo, the air pump 
|jy Otto von Guericke, and the btrometer by Torricelli l>egins the 
iiiodorn period of meteorology^ when accrinite experiments and ob¬ 
servations began to be possible. Wc thus [jjiss from the first crude 
stages of ohserv^ation and fancy to the days when every hypothijsia 
was tested .by oli^rvation—to the days when academies uf ^lentTc 
liecume promincuf and when the rnoUo of the Academifl del Cinjentu 
at Florence, Provando f rt^pi ovando^'- la^imnic the wu toll word of 
science. This Academy of Experuiientatian devoted iti=elf to the 
fundamental problems of physics; it existwi only Wtween ihe isith 
of June, i65T, and the 14th of July^ lOfiT; the latter h the date of 
dedication of its unique piibIJshed volurnet or Bi‘:ptirts on 

the Experiments made by the aciidemy—a volume juslly looked upon 
ait the foundation stone of ni^jdern exi^erimcntal physica Th\s vol¬ 
ume was written in the Italian^ or pt>jjular, iaitgiiage for every oiio 
to read easily, and was intended to be the [luthorllative cxprtiK^ion 
of tlie cundu^ioiLs arrived at by nine of the ablest Italian thinkers. 
The academy did iiideefl Iceep n diurj^ shovring everything that was 
5aid and done by each iierson in its {laily convm:ations, hut the 
■'"Saggi *' contains no reference to th^ individuals; it makes public 
only that upon which all could agree. Galileo, who died Jan- 
uaiy' 8 {n. s.), had dead Iwenty-five years, hut the spirit that 
pervades this volume so perfectly represents that wliicli had ani¬ 
mated Galileo during his life that, witliom meniioning his name, 
these nine students of hii^ tvaffimied and expanded nil that he had 
contended for: so that it ha_<4 been well s^id that the ^Saggi ” reads 
as Oiough the spirit of Galileo had risen from his grave. The voU 
mne was soon translated into Latin and Englibh. aud perhaps ituo 
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oLlicr ]anj!;iJiigei^ aiul exerted a prp found influonce upoti tlia science 
of its day. 

Altboii^h nietcorologiail stations ^nbli^lifd in lOST in Italy, 
yet flCiidoDiics and socieLitis; of iwr^ns inU^n’ssleil in tiie s|^ial de^ 
vclupment of meteorology began later \viili the fonnation of iho 
Meloprologifiul Smiety of the PaiatitLote, at JIannIioim, in ITSO, fol¬ 
lowed by the metfiorologicsil siK'ielies of I'mneo aiid Engbitnl alxjut 
lSr>0j Maimtiiis, ISTO; Austria, iSMj Ilaly, 1&B5* ScotlamK 1SI4; 
Geroiaiiy, iSfiJi; New England, and Japan, Of course nil 

the general scientific societies throughout the world have fdvvavs in- 
eliitled meteorology in sotuc special section devoted to that and cog¬ 
nate subjects. 

The progreivs made since the formation of the Mannheim Society 
lias Uaui enlirely in she diiwtion of the liue of w^ork that this soedety 
laid oiiL, namely, the collecting of data fi'oijj all parls of ibe world for 
the pnrpo^ie of compiling synoptic daily weather niuits for the study 
of the atiiiospliere as li whole. It is an inslniclive illustration of the 
slownc^ with which mankind progresBes to recall that nt the close of 
the Avork of tlie Mannheini Society in 17^5 twelve large folio volumes 
of obi5Grvation? had l>ecn printed, and much hnd hevii written alwut 
the relations between the weather in the different parts of Europe, 
but, so far as we know, without the actual preparation of a singlo 
weather map. although nil its data eotnpiIe^l and published for 
that ven' purpose. It was a famous physicist. Pi of. H. W, BmiulcH, 
of llalle, the eminent author of a work on The cciuilibrinm and mo- 
don of solid and fluid ImkIIcs,” who* in two diB.'^rtatinn^ ^ Beilrii^/^ 
or ^ Contributioiis tn our knowkdg?> of the weather,"" atui “ He pen- 
dniiii*’ physical ilissertation on the audden variations observed in 
atmospheric ]!ressiiri!*-' l^ip^sig. 182D*finuIly drew from these ponder¬ 
ous volumes the data for a seiies of majis showing the cirenlfltioii of 
winds IIround nreas of low presisiire, and tlius opened the way for the 
study of (he mechanical proi^lems involved in storms. It must Ijo 
confessed* however, that hh work did nol greatly niFect the trend of 
thought in those days; it was too early for Gerniuny to la* able to take 
advantage of his teacbingi;. Nevenlieless, as the princi|>al editor of 
tilt* most famuurf encyclopedia of physics:, he lllletl the finit few vol¬ 
umes of Oehlers Physikalist.hes Worterbuch wdth the. most advanced 
know’letlgi;' of hk da)"* The sixth volume of that work, pubUshed nt 
Jx’ipKig iri l&i7, eonUiins an article on meteorology w ritten by Mnncke 
after the death of Brandes, in 1^34: therein ^Muncke i;ebit^ of liim- 
self and Bmiides that in IS‘20 they had developed a plan (that hnd to 
be given up on account of wans between Italy and Spjiin) for the pub¬ 
lication of a generul Eumi>eait journal of metctarology, in w hich 
Muneke should devote himself to the southwestern half of Europe, 
hut Bruiidii^ to liie northcuKterti half. Twenty-four principal sta- 
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tions were selected, between Sebnetopol und Christ inn ia and 

St. Petersburg, for which tiiey were to publish innnthlv hddeK of the 
individiuil daily readings of nil meteorologicnl elenienls, luid to which 
they proposcrki to luld every notice ihiit CfHild Tje obtained relutive to 
the we^iiluT on ihoee same dates fur Nortli Aiiieriea, East Indies^ and 
other diMinit purts of the globe. Miinehe rennirks limt tJkis plnn wa:i 
rat iter gig^iiitie. Ijiit it i^esjxiiidecl to the rwtJgniKcd fact that Ficience 
cxH'ering a broader field and thai international w^rks such as 
rhti^ on the riieasnreinents of degree^, oliservations id gravity* and 
vnyages of discovery were iilready reeugriiKeil as necesstiry* In fiict. 
only in this way can ineteorology tittain to a solid and it is 

necesi^arj' tljat the scientific public should bo able torninparo ubserva’ 
tioiis made at widely distant places: for the works above nicntioiied 
by Braudes had aliT-ady shown thai the cnuscs ujjon vvhicli depend 
the existence qf the storms in western EurojH' must s^jnght for over 
tile Atlantic Ocreiin. Miitieke conclude?! l>y isaying: " Time will show 
whether the riatiunt^ of Europe idready so intiintitelv ivlated to each 
other will by nuitnal bijaiiivs?^ armiigenieiiis !rsup|w>rt such a ineteor- 
ologind union tolhf fnriheringof thepeneraJ f>eace of the continent/* 
Since the days of the Palatine .Society and Its active si’cretary, Hcm- 
nien there never has lieen any iJonbt that a union of all the nauons 
of the glnlo? must Iv ctfectisl liefore we shall l>e able to do justice to 
the fnridanaoital problems of inpieortdogv- and cliTniitolo|Q% To this 
society and to Tietiimer and Bra tides, Germany owesi her right to the 
claim of having taken the first steps toward the fittidy of dynamic 
meteorology. 

Simnlta neon sly with Brandes, but undoubtedly quite indej>endent 
of his work* the leaders of .Vmeric-an meteorologTi’—Redficid in Xew 
York and Espy in Philadelphia—licgTtn a life-long series of stucliest 
at first on the gTOiuetrirml and aftonvards on the kinetic relations of 
winds to storms, and of storms as a whole to the adjacent ntmofTphere. 
Tlie Unitcfl States Army Medical Corps, the CnittMf States Tjand 
C>Qi{?e, the regents of the University of Xew York and several State?? 
organixed systems of reports to which the Smithsonian eventually 
succeeded- 

The?^ organi7.ations were primarily for the study of climate, but in 
tS42 Espy wa-s appointed Meteorologist to the United States? Gov¬ 
ernment ''' and w'ith that date began our national organization of co¬ 
operation with him and the Smithsonian Institution in the study of 
American storms. Between the theoretical cydonologists and tho€!e 
who adhered more closely to the records of obsen-ations active dis- 
cusdon continued from 1S20 until l&TO, pnd prepansd all thoughtful 
mirifU to receive the more correct views of the next gencmiion of stu¬ 
dents besc<] on die Situdy of daily weather mapf?. 
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THE tXJX^iTITirTIDX AND PSUPEffriEii OF THF ATJiltSaPtLEftF. 

To thp ^luruiis^t^ untj physicifil^i metporologists owl- n lonj^ of 

on the coiiiititntion iind projierti&i of tliF iitino^phi-riF 
This w ork iiiiiy l>t s^iid to linvo iH^gon writlt HoyJe uoxt uftor tlii^ k^zsi 
itii^Hirtjint work of Eomp^iin OnJiloo litui ntiown that tht- 

air liiiji %vei^ht. ()tlo von Uuorioko hacj so (?onstructCHl Itis Krsi «ir 
pump {tts .^bowii by tho pictuiTf** although ho himi^tf do<.^ um say 
so in woi\ls)p thut the air »iiould /fou? f/uwo* and out of thy 

%oiiseJs from which he would pomp it as he puijj]K 5 d water. But it i- 
to Boyle ttmL vro owe the idea that lliero i&i an elafitir sprUig in Uo* uir. 
and also that the air is o Lminplex eombination of stiverul differont 
vapoi^. socdi as Uiosi^ ihat produiH* rust and tluise that are exhaled 
from the aiirtfu the water, vegetald^. and atiinials. Tioh^^d, rlie 
spritiiJfiia f^s of llse air exciti^l his suspidcoi that there mighl lie some 
%ituJ sobshiiin> dilFusefJ through the Jitoiosphcre, Tlie experiments 
thill he to hare made—that he in fact U^gan, und tiiat wen^ 

(■tirrii?il oiil liy his contemporary, John ^(ayow^—iMifw on respiration, 
oxidation, and evu|joralidn as the souroet^ of new kinds of jtir. 

Boyle WHS the hrxt to sugge-ft ihitt the atiuofiiphere eonHjHteil of 
air, pro|x»rly so eiilled^ and water in a srate of expansion, logt“ther 
with otTier gases that emanate fn>m the earth and exert ati injurious 
ijillueuce On the liealth. De SaiiHSUne i^iua tn have tiei-u the firsl 
tn measure the at>soltite f]iiantity of arjueniis vtipor in n given volume 
of atiiiasphere. In ITGO Lnrd Cavendish showwl that the vapor 
evaporating from water in a Tacuuiii had n detinite eljtstic pressure* 
which lie measured at seveml different temperatiires. 

The temixrature of the dew point seems to Inive lieen first ob¬ 
served hv Rot (iToO), Dalton (1800). and Daniel (1820K The 
psychromcler, or wet and dry htilb ihermometer, is generally ascrilirt! 
to Augimt (bitl the wet bidh was usikI long laTure by Beaiifue; 
it was August who gave m an acceptable, rationul theory of its 
action, while at the same time, anti f|uite Independeutiy, ivory in 
JSiil?, Ivspy tn 1S29, Belli in 1B80, and Apjohn in 18-S4, introdueetl 
mraliftcatjons, all of whicli are now roinhincd in Fcrrel’s, Gi^asmitn's, 
and other theories tmd tables for the whirled psychrometer. The 
ndativf- humidity wio^ first f-bseiwed by means of a Laitgui hygroin- 
eter bi. Brander ( ll>50)* but the hair Jiygrometer of De Saussure 
(1*S0) and his persistent res^arch^ to improve it wore the first 
steps in modern hygronietr). 

The discoverj- of carbonio^acid gas, or fixed dr, is generally at¬ 
tributed to Joseph Biaek, of Edinburgh, who. however, had ^verat 
predecessors less widely known. In 1759 he di^^^overed that thLi 
gas y ihe same jis choke damp, or fixed air. According trj Ramoey. 
Black showed that the eommoii air of the atmonphere contains a 
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^otl AtiiDiint of lised air. Tht? ntJtt step in the scpBration of tlie 
j^-wes ia our utTOospheric! mixtun- was due to liiithtfrfnrd, & pupil 
of UJiii'k, wiio ill 1173 millioniiL-tftl iht liiiicoverv of tu tho 

reMuliiJii jtsiis iifkT till' I'onihuritioii of turlHni und the nWi-ption of 
ili»' resulting fixed iiir. Tb- ditfioveo' of oxTjieu was inntie indp- 
[K-iuleitCly iiiid iiwrly ^iuLuIluneoiiiity by I^i-iiwllcy uiui Sdieelo: but 
ri-totb-y [Hibiijslicti hb restiltfi in 177.7, ii ypur Ewforo .Seheekt The 
PcTopiijtion of ox>-fn'ii as uii'iii{lejH<n<leiit ^otrieou^ eleiiteiit und liie 
e^tublislirnent of our iiuHtorri view of iJie uir uh u »iiiuplf inixtiiiv in 
due to IjivoiNier, who pnblidiid lieveml iiietiioira <ai tlie Miibj(!ct in 
177 1 jtiLil 1(7S, while Cuvendidi Wun earryiiip on » pimillel Ny:stein of 
ex|H‘riiiieuts iu Kri^biiil. ex[wrimvnts tiiot be tje^m in ITTT, but 
publjslietj only Mtujji* years Jmer. 

Will, the diseovery of iijtiu^ren nod oxy»eu in the iiimoisphGre 
Jtnd (Iu- ineuMirenient of I lie exm-t mtioa of tbe<$e und vurioiis so- 
I'ullwl tinpiirities, iJie clieinistiy of tlie utiiiospliero Intlted imtil. in 
ISS-J, Lrinl Ibiylei^'h liepiii a resenreb on the ixdative 4 .leit!iilieu of 
hydropeii. oxy-fteti. uiid other pises, eoiieliidiu^ in ISSIS by (he state- 
iiiont that nitrop ‘11 obtuinetl from llie utiiionplu-re was soinewhat 
kleiLser tliiiii ri{lrop;ii prepamt from nmniunia. and that the ilitferenre. 
iboiif^i slijfht, wus m fur Uyond nil t^nt^tioii that it demanded an es- 
plaitultoii, *l bis explanation was annotinred in u preliiiiinarv wav in 
Aiigiist. lfiQ4, Inti was received with such ineredniitv thut one diem, 
ist Jiareastbally impiired •^whether the mwu' of the now {Jiik had also 
lieen itirt'overed," iJitt the iriatter was bronplu to a elear clenioti. 
sliation by diffusing the mixed pises slowly tlirongli n long train 
of tobmvo pipes of the variety kijowQ us the ■'chnrc'bwardeti pipe,*’ 
ivliieh is made of a very fine clay through whidi diffusiun prrx'eeds 
very slowly. Tfius arpm wns ijijsrovered. Of t cmm' you will recog- 
itijie tlie fact that ibis last step in the analysis of ntniosphcrie air 
i.-^ not a difeinical l>ut a physical proraisw. illustrating tlie general 
-Statement that im one brunch of ecienoe can endure or progress 
witlioiil the assistance of correlatetl friendly hrunohes. 

The dmeovery of argon jmvetl the way to new ideas in regard to 
the sLinetiirc of the molecules of gases, ideas that threaten entirely 
to iJiiderminf some portions of the old kinetic theoiy of gasek 
•smee tlie discoveiy of urgon, chemists and physicists, working long 
dnfeicnt liiira, have, as yon know, devised methods of producing 
extremely low temperatures; so that atmospheric air, and even hydro- 
pn. lOve i«en liquefied, and 1^- the help of these extremelv cold 
liquids other gas^.is constituents Imre been discovered in the ^tmos- 
phert-. hir^t, heitum diL^coirerefl by iL^ Hnes in tb& solar spec 
trtim; tben it was evolved from a rare mineral, named i leayite. and 
himlly It wa.-? shown to lie presient in our otmnspben*, Tlien u large 
mass of an was cooled down to its boiling poiut, and iu the i-esidue 
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kn/plt^t*^ was discovered. Finally argon was also cioolcd down to Ufi 
hohing^ point and v^&n waj 3 diseoverefL The separation of neon 
from hvliEitq requires the veiy Inw tenqMrature of boiling hydrojL^tu 
or on the iiljyoUite scale* AUliough these now gjiscs oceor in 

itnr lower jilmOSfihere only in very minute qnatititierf, yet (hei^ is 
.same reason Ui that eveiiMialiy they will [jJay an important 

[lairt in plaining some of the electrkal pliiiiionieim thsit are jit 
jnv.sent <juite my,sterions. It has been inileiHTiilently suggestetJ by 
Huggins nntl Hchiister Unit the brilliant green line in the sp€4ftrmii 
of kryi^tnn is proliahly identical with llie given line in tlie st>ectmiii 
of the lerriistrial aurora Innifdis* showing that kiy iJlim may exist 
in onr upjwr atmifctiphei'e or in the adjoining celestial spto'e^ 

But we have not llnishe<l witli the gase^. of our iilinospheix% for in 
Miiflatiie Curie announced the i.solation of two new suhstances, 
poloiiiMEii and ntdtum. These furnish an eniartation, whieh eoTiHists 
of giLseous partiflc-H* Jimong which is helium^ which latter also 
enianutes fixmi the ekiuent ilioritiJii* Kumerous other substaiH^es aiv 
now known to ^nd out *>iich emaimlions^ eiieli of which re-simthh*s 
-uiue of the inert gases of the atino^iphen*. It setmis prtihahle that 
these eiiiiLnutioEis repn^senL the dcgpnenitiori of tuolectiles of (lie roni- 
pies elements intrj simpler iiitilecult^ or even into elciuentury mat ter, 
if riuih there \m. thus lending to a great expansion, of our ideas as tn 
mokcultir structure. As thei^e emanations are alsti acconijxauied by an 
ionisMtUoii of one or more «/ the utniospherk giisi^, it results that the 
rketrinal properties of our atmosphere lirprnd in some way upon 
Eltenu In general* therefore, this brilliant diapier in the history of 
|■i^'elirch is anolliiT illustration of the deiiciidenoe of mcieondngy’ 
upon the [irtigress llrnt is Iwing tiutde in every other branch of soiimoe. 
So we have now to face ti new proldcm in evolution* Tjiphice taught 
the cvoliidon of I he solar system from a goireou-H nebula: riuxley 
lEinglii the evolution of higher forms of life fititn elementarv 
lunss* who will now teach us the evolution of the gaseous muli-cules of 
the ulrutrsplu re und the solid elements of the earth* fixun the initial 
atoms* corpuscles., or electron a? 

MECflAMCS OF TifK ATMOSPHimi 

Dynamic meteorology' deals essentially 'with the study of the be- 
hiirior of a t.nie gas* dilatable with heat and comprossible with pres¬ 
sure, hut mixed with small and variable percentages of vapors thar 
condense to liquids or solids ai urdinarj' low temperatures. The 
]irohleniH of modem tneteorology therefore lie in the field of aero- 
d\Tiamics and thcimiCHjjmmnics. and can only be soivcfl in proportion 
n.s our knowledge of experimental physics shall he extended, [bit the 
propcT treatment of these problems also involve?^ the application of 
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diffiouh braDcho of jmiUiiiiofltics imd analytic mechanics, and thesje 
subject^: have not yet been developed to an extent sufficient to handle 
any but the simplest of the probleiiis of nature. 

wc mill till' s^cientilic litermntx^ of the eighteenih century we 
liiid Euler, iu hh '' Mtx'lmnics ” (ITtlfj), developing the ftinduiuental 
formuhe for theniovciueiitaj of dry and ideal liquids.after he had 
[ifociH'deil 4L^ far as lie wold willi the lueehuuicas of rl|pd bodu^i. In 
hb prh^ esjsaj" of ITPS IXAlendjert developed a tliwiry of the winds. 
We po-^ihen to the great Fiviieh inaL|ieinutiri£in.s. Lu^mge, l^nw^y5ii, 
and Laplace, and the Eiiglisli mathetiiaticiaiis^. ilmui uwil Stokes, to 
all of whom we owe mvi^stigutioiLi i*( the lawti of luotiotLs of Iluidd 
under two essentially <liJfereTit coiidiLtont-. namely* when a vehfoUy 
|x>tentiat exists and when it not In appeared 

tljc nieiiicnr of Stokc^j on viscosity and in 1807 the fainnus memoir of 
IlelmhoU^ on vortex motions, each of which removal dinieiiltie^ 
that had hitherto oijstructcal our progrcfv-. The wc»rk> of Sir ‘Wil¬ 
liam Thomson, now l^ord Kelvin, mi LhennodynaniiLs eiiiiI on tuecu- 
Ifltory motion, and the fx*rsbtcnt rcseorchfes of Bjerkni^* father und 
son. in the application of vector analyst have diiritiei! our idea'- 
iiiktl rtqineicnt onr present hi;?lie-f attainments in this branch of 
iiieehanic?^ Juat ;is incte<>rolo^sLs have liitlierto Uhui deiwndeni. 
upon ph^cisti^ for the apjianitus with whidi to ol>servii* nnd upon 
the msithematical pln^ici&ts for the explanation of the optical and 
tlienLinl. the iicoiistit and the ehniric phenomena of the utiiioriphcns 
sfj nf?w they are coming to U' ruor-i' auil more dejwiulent ii|Km the 
higher matlieniaticians to restdve the analjilcuil difficulties inherent in . 
the complex problems of fin id motion. 

It h very rarely that the meteorologist arrives at a phenomenon 
deduclivclv and then cxaininef? the records of observuitinn to see if it 
actunih^ exists. Ferrel did this in u few tiisesr; but usually we Eiiive 
pnicwded by slow in<luctive niethoils. For itiiitaa<?e, the Fhtetticiuii 
vnyngers and the Greeks who pf-netrated into Imlja knew of ilui 
ijxistcnee of the soutln-vKst monsOTn* hut a complete knowlettgc of itn 
origin and nature luis required centuries of olimuwniiim ilud the labor?? 
of men of great talent in mecbatiies. Fifty years t\ga it was assiimcfl 
in a genenil way that the heated air over the interinr of Asiai by 
expanding und overllowjng. gave rise to an indraft corresponding to 
the aoiithwest mo!3sscK>u % Ijiit it remainetl For FerreU ala>ut to 

show that it wfla not jiierely a heated interior^, Init n heated high 
plateati that wa:^ net^^ssaiy to ]>r&duce thift great current: and it wai^ 
not until 1890 that Sir John Eliot ^liovved that this uiunsooii current 
is by no means a simple disturbance of the iioilheast trade winds that 
are appropriate to the latitudes of India, but that we have to go much 
farther south, far acrtw?s 5 the equator* and see that the whole bom then st 
Lnuk^wind system of the isoutlieni Indian Ocean is perverted from 
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its Xn^teftd of riffing in ihi: Lurrid ^one and turning back 

upon itself to AjUurctic r^egions. the southeast trade rushes aci'D^ the 
equator* skirts the eonsts of Africa* Aiiibiu^ India, Siiim, and Obina^ 
whirls aroiind ihe jrreai ilcsrrt pbitcau of Tibet, produfing ttie area 
id law pressure thal is ccntrLil over Ibat region in the hot nionthi?, 
aiid fitiuHy is hi!si in Kanioliutka. Of course this iniiL^fer of n friTja 
uta^ of air fixnn Uie sonlliern to the northern hemisphere during our 
suiiiiner iimst lie follnweil eveutually by the return nf tm equivalent 
mass ti> the Houthem liemjKphere; but we have tint yet discovereil 
how* or when, or where that reiiitn is eiFcctct]. Therein lie^ the 
secret of much of our so-cailed [Hirjotlic or quasl'iwriodic and sccuhir 
weather changt^s which depend on the internal mechanism of our 
atmosphere, not on solar or cot^raic inftneiKX^ 

Finally, we now go one further and nale the fact that we may 
divide the surface of our glul^jc into two heruisplicte:^, known m the 
Lontinental and tlie oceanic. The former has iLbs pole on the 
wich lUi-ridiEiti at al*out 30“ nortlij ineludiug nearly all of Kunj|jey 
Asia, Africa, ilie Allanlic (Jeenn, and both Ihe Amerlcai?, being 
nbout three-fourths laud. The other has center about 40“ soiitii* 
includes the greater part of the Pacific, Indian* rind .Vnturetie regiuns, 
and is four-fifths oceanic* The siin*^s hent pours upon the eonti' 
iiental hemisphere with esfwciat fervency in Mit\\ Jimct mid Julyi 
and UfKin the oceanic hernispiien? in Xoveinbcrj Decemlx^r* and Jan¬ 
uary. Tlje eirculalion of the air* Uitli horizontal micJ vertical, the 
distribution of tempenUiire. moisture mid pressure* the restiUitig 
winds and rains over the continental hemisphere in its stimmer have 
but ?=Iight analogy witli the corres]Xjndiug phenomeMa tEver the 
thn?aiiic hemisphere in its summer, because of the differences in the 
action of insolation upon knd, ^vster, and snow or ice. We arc 
no longer juJilified in treating the whole atmosphei'e ns though it were 
resting upon a globe of uniform surface and subject lo sliglit |Hjr- 
iiirbEitiiuiK by reason of oct^nn currents and stuhH continent!^. Wo 
have to eonsidcr the insolation of the I'ontinentu] homispheri^ and 
that of the oceanic hemisphere as Lwii dihtiirbiug forces of ei|ual 
magnitude, autiiig on the air alx^ve these in ^iirh a way as to cause 
thi^> liulves of the eurth’s utnuisjdierp to react on each other in n 
jH«rics of movements or |jerturbations rno^ delightful to ccnteinplato 
and must inspiring to the nmtheiuaticai expert, who quickly actiULreH 
a grim determination !o sadve the problems that arc presented. This 
icUcriLctinu of the continental and oceanic hemispliert^ is reaiKin^ribk 
for the fact that what !iapt>eng in India in its snntmer by ixjiLs^n of 
the s[>eciiil chamcier of its monsoon h not only related in what hap- 
pern; in Africa and Siam, but even to what happens in Australia and 
Anu^rira* A moMt interesting evidence of the recognition of this 
principle will be found in the fact Hmt llj. Gilbert T* Walker, the 
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mpteorologist of tiie IncliAu m his annual foneceist of the 

Indian monsoons, mnk<!s a statement of the conditions affeerting tlio 
niGiLsiKtn rtiiiifall in which ho indndes the precedent conditions over 
Soutli Aincrica, and Siberia; he showtf thut the Asiatic 
and es^uatoriiil regions, hi ken hy (hcinsdvp^^ do not suffice to dotcr- 
fuine the future diai^uclor of the 

A corresponding indication of the broadening of our field of vic^v 
h found in the fact'that our own Weather Ilurcau hats lately begun 
to rf!Ci?ive telegrams as to the baroinetric prei^ure prevailing in the 
interior of Ask. more esiKwially in Siberia, under the conviction that 
tlii^ i^dllaiions that take phice in that region give some indication of 
whol will subsequently oceur in our own territory. These ideas de^ 
veloiM-Hj at onoe from our experience during the first year of oiir fore¬ 
cast uork in 1871 i anti led promptly to the establislimeut of our 

Bulleim of IiUemational Siiuultaneom; ^^lotiHjrologioiJ Olir^erva- 
tioiis*^ with iis daily charts of the noilliem hemispliei^t uudertakeii 
by G en. Ji. J. ^lyer itt 1873^^ in accordoiice with oiir idea that llie 
atmosphei^- miurt. lie studied as a unit- Ffk [published biilletiu tif in¬ 
ternational ob»i vatioiiii gives tis a daily map of tjie whole nortlieru 
liemisphere from 18To to IBB-Ij after which only montldy nuqjs were 
[iiiblished. But the daily manuseripls have continued to be compilecl 
up to the [iruseiit tiJiie, although on a somewhat different pleui. Tliesc 
afford valuable material for working out the relation Iwtween at- 
liipspherlc iiiovetiients on a large scale. The first liteps in such gen- 
embnations wei'e taken by Professor Garriott, to whom a 115 due the 
conclusions given in 1891 in Weather Bureau Bulletin A* Suinmaiy 
of Intmiational MeteorologicpI 01iser\^ntioiLS.** 

Xext wc come to a series of charts jmblished hy Hildehriindfison 
tibani sliowing the simultaneous departures in pressure at rmuiy 

stations over the whole globe^ These tahlc-s and charts show that mi 
excess or a defect of pi^ssucG may Ije observed Simultaneously over a 
very large part of the glol>e, perhaps one-half or even tliree-qitrkrterH 
of its surfacjCi. while in other months the conditions will Ik nearly 
re™>od. Inasmuch a.^ he took montlily nveragus^ he was not able to 
show ihe prugrfis>:ivc movements of these areas of high and low pres- 
tairiN if, indeed, they do move, as is fair lo prciiLimc and as he w'ould 
jjrokddy have discovered if hecotdd hnve compiltnl daily or pentailic 
iuhlcLiil of nioiithly maps. 

lliihurto onr obtrenrations have lieen largely confijitd io the earth’s 
surface atid lo stations near leea level; but we must go higher in the 
atmosphere. The importance of inoiintaiu stations and of IhiUooh 
work w’as rec-ognked a century ago, ns shown by the ^^Lahlishment of 
rteveiiil mountain obfwrv'atories and by the early balloon voyages of 
Barra I ami Bixio and their snCiKssors, The nunieit>iis voyages Ejv 
QhikJier addeil greatly to onr knowledge, but the systematic work 
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with Intth baiiooni: uud kite^ siiiei! 18 Ki ba^ const Ltutt^d a brillinnt 
opoch in our study r^f the ntmosphcre. Althotjgh tlie kite hnd fre^ 
qncntly been iised by FrankJin find other electricmtis during the 
prcvioiijs forty yet it^ to carry tlH'rfuoiuuier^ to ^r^txi 

Iieightirs only from Alexander Wilson, of IT&O, A 

reiiiiiry later it was et]i|,iioyed in England to study the uf^per winds hy 
E. I). ArchiUilJ. The inveiilioii of ihe llargmvo or box kite mul the 
injpi^jventent.^ inlrotliictal in every detuil by Professor Marvin, and 
to SI extent by others, have c^jrivpiled the kite into u most inipor- 
Esint itieteorologicrtl iipiiaratn?^. Meanwhile the use of st siinill balloon 
^iiri'ving <udy sidf-mwrtling in-strimient^ fni- lieeii iHirfeted by Teif?- 
s^>ri-iie de Ihirt, of Pnri^^ and Assioaon, of Herlin* nnlil it largely re- 
jilaeea the iiiainierl balloon; and as it van ascend to gieater heighL^, it 
Ijecotiies oiir most powerful apparatus for exploring the upp^r atmos¬ 
phere, At present the limiting height attoineil by kites la iilmnt 
fijel and by sounding lialloofis^. .■^c> ealleil* 25,OUO meters, al¬ 
though thf^* limits urn only attaiimhie under the most fiivoratilo dr- 
eumstaiivt^a. The t^rsisient nse of kites ai Mr. R<arh's observatory 
sit Blue Hill and tlie developmeiil of the Joatlieinatinil tJa'ory of the 
kite by J’rofei^r ^leirvtn stimulat^Hl all Eutojx^an oliservers to under¬ 
take the siiiiie line of researcln eadi in hks own country, Mr. Rotcli 
has ulso been succe^ful in securing the trixiperntion of Tejsserenc ile 
Port for s|>ecifll kite explomtions over the ocean. With I'haructeristiu 
energy'. Assinann bos been able to send up either a kite or hallooiu or 
Ixitluovery day—first at Berlin. 1800-11*02, and afterwurds at his new 
observatory at Ijtodenbergj so that we have a coiitinuoiis history of 
till- Leni]H^ralijre of the air above Berlin for several years, up to tho 
highest points attained] by kiti's and bLiSloons^ 

< hi thi.^ <hther hand, tii the [Jnitrd .States;, the lUiief of the Weather 
Ihireau, after aiithorLS!.ing Professor ^hirviti lo devido[> the kite, the 
m^h and the meteorograph, estJtblished seventeen kite fctalions north 
of a line joining Wfishington and Topt^kfl^ as a soathem limit, ivith 
the intentinn of receiving the reports hy teiegi'iipii and eompiling a 
daily map of the eonditian}^ in the upper atmosphertv Tlie work at 
these statious exteiideii from April to Xovember^ ISOS. Tlie average 
re.HtdU a^ to vertical gradients of tcm|3orRtiire, humiility, and wiml 
wert' eompilei;! hv l^ot^tur I'^nm ken field (see "^Vrather Bui\niti Ihilletin 
F), hut the preparation und .sLody of a daily map of the upper utmoi^ 
phere aiialgoiis to the mafssi that we are ueeiistmned to use at the sea 
level ret^nired a new line of tlioiight for which the world was not ipiite 
prepared at that time* To this problem Prof C A. Bjerlvneas, of 
Stwkholm, has paid eapeciii] attention, mid his ideas have been em¬ 
bodied in a memoir prt^pared hy his pupih -h W, Sandslroni {pub¬ 
lished by the Anaericiiri IHlilosophieal Society in 11)04 li, elucidating 
the first btep^ proper to be taken in the redoctioii of the ubaservatjons 
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with bRllot)n9 or kit^ to any givflji level in the atmosphere, The^ 
authors mtikc tlic point that as the !?urfac^ of ilie orean is an eqnipo- 
teniial surface, therefore obt^rvaLions reduced from it upward to 
?nme other ci|iiipntenlia] siirfuci) of ^ruvity pci~>v,ss sinijilvr iTclutions 
to each other than when retluctNi to u inilfonn heifirhl above UveL 
Witit the help of the ('amegie Institiitiom Ujcrknes mid 
are now stiJl fun her developing and irn [Jiovin.tr theic uieth^d with 
ilie asisnmnce of throwing^ new light upon atiiiospheric motions. 

Even when we s^tudy Lite motions of gases on a small scale in nur 
hilH>nitories% we have the greatest liiOieulty in understainJing the pixx;- 
ess«^ that go on right Ijefore unr eyes; still Jiiuiti thh the raise ivith 
tliG!^e (hat go otL in the atinosphere. The smooth Ilow of air^ like that 
of water, made visible by some tiiie lloaUng jnirticles^ suddenly 
ehangeii ivilhont apjmrcnt cimse into a sitries of tvhirb and vortices^ 
and then from whirls back tn a steady^ smcMJth flow. A vorte.v ring 
of air travei’scs a large rcwini to a liistanee far grtaler tlimi a line 
straight jet can do, as thongh its hirgc front surface e.Yiicrienoeil less 
resistance tliaii that of a small jel. 

Under hydrodynamics pi'ojwr f may uicnlion the names of Chm% 
liigtdoiv. njerkiips, d. .1, Thomsoin Kkliolm. ilargoles* Wien, 8baw\ 
and Kayleigh ; also the diseiission l«!twin?ii Airy, i'^errel, ^Viein and 
Kelvin as tu the tides in the atmosphere, resting on the interpietatioii 
of a certain fonuula in the mciriDirs of L4tplaie. a Mibject tlint wnis 
hnally eliicidDted by DiJctor Ling^ of Coliimhia University^ Xof only 
do wo owe the mathematical theory of heat to Fourier and l^mssoni 
la It especially to the foriuer n jxisthiijnuiis memoir on the mntuuLH of 
fluids in which the intemol rnotions and the ejistribution of lient are 
Etiutnulb' interdejieiident. This tuemoir is but a fi'tigfuent. estaljlisli- 
ing certain ililTcrentia) etpiatiuns^ the solution of whidi is mv^ly pos¬ 
sible wlii^n the boundary culniitioti.s are given; so that in giaieral we 
nviisl H-t pjt?sent rely uiwni partial sohitiuic^ tmii sugge-Slions derive] 
from e,tpt‘^rimetits Or otisiwvatian, Tn Rayleigh and *Stoki'S we owe u 
mnijberof metnotrson ihiid resistances, including the first sohltinnsof 
problems involving visc<Tsitj or internal frictitiiQ of Ihnds. To Prof, 
Joeepli iJeynolds wc. owe some lK=!aiitiful csfxirimGnts showing ho>v 
the motif>11 of u fluid changes from ii laminar flow to u vortical flow' 
whenever the excess of intemal energj' amoiirit-s to it veiy' small limiLi. 
ajid ^dee versa. 

To Willy Wietu a pupil of IlelinholtK, we owe the tlevclopinent of 
problems rehitiiig to vcinex and wave mot ions in I he eartlds atmos¬ 
phere* To Prufc^scjr Pof'kels* another pupil, wc owe a ver^* ingenious 
memoir on the influence of mountain sio|>es jti forcing moist air to 
ascend and form clouds and rain. It is the presence of aqueous vapor 
in oiir air aTul the consequent (licrniodynamic: complications that 
necessitates u combination of hyd rndy uami c^ with thcmioiljiiamics 
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and kad^to still mor^ compkx nmthi^nmtical problems^, ^hose elu¬ 
tion is aba:ihitely nt^ssary if would understand the fornmtiou of 
cloLidi^ and ruiiu In thw branch of study we have nu inittruftive 
iiieiiioir ^ly Erillouin, in which he is able to explain iri a ^ncral way 
the lormotlon of many types of clouds or lityei'^j of don cl f as Hue to 
Llie uilxtiire of masses of air having different ilcj^rccs of teinperatiii'e 
UIU .1 moi^sture. The appeamnees of the donds have \yem luost cure- 
fully observed and recorded fur two cenlnriest but the ubiliiy lo leum 
whiil they cun teach us has only becouie po^lUle within the past thirty 
years. 

The tirst step in the application of themiodyiiairiivs to motHirolo^^ 
was undoubtedly taken by Espy in 1822, when Imitated that the 
cooling due to the expiiiiHion of air ascending into regions of lower 
pre?Tsure caused tlie furiiiatlun of clouds and the lower tem]jeratLire uf 
the air of tlie iip|H‘r stralm TInwever il w'as soon found that the txjub 
ing is not due tu the expansion as sucli^ but to the work done hy ex- 
pan^ori agaiuin atmt>r?|pheric presfiiire. Tliis gwurral explaiiEitiuti waw 
avrepted by French physicists in 1831^ but Wii« given greater preci^iion 
by Sir Williiim ThoiiirKm in I86>band Peslin in 18G^^; il was witisfao 
tory to American, English, and French stiideiita, but not to 

have been atwpted in Germany until Professor IT anti wro^e uii ex¬ 
planatory article in the iieitsclirift of the AuHirian MeteorologivEil 
Society for 1874, j^hnwing Innv tlic laws of therm<Klyiniuiits apply to 
the fttmosphere. Tins paper followe<l by tuucli roore Edaliorate 
studies and a seriej^ of vabiahle publications by oilier^, that it is 
ruivT easy to apply our knowlexige of thermodjnuvniics tt> the jitinns- 
pficre. A most lielpfiil inrniuir along this line was tliat by Hertz, in 
which he gave a very simple diagram (kiiowii everywiiere a^ ihsi 
' l lertKiEin diagnmi of adlaliatteff for I he nlinusphere) for determining 
what the condition uf moist air uitLst l>e on attaining a given ludglat 
in the atmo?iplicre. Assuming that it ix^taiiis its originJil amount uf 
lieat during the wtiole time, his diagram shows verj^ dearly the ivsliIls 
of the ascent of ordinary dear air up to a level at which cloud furinii- 
tiun liegitisr then to the level at which the [iiiH-ipitation is in the ^liit|ie 
uf frozen water tlrops. or hail, and aUive thai to the region lu which 
predpitallon mn>t be in ihe shajw of icy spicula^ ur snow.^ Ttu^se 
four sl/iges of cool mg, viz, the dry stage, crluiidy atage. iix‘ stage, arid 
snow stage, chaniirteriKe nearly all the impiruiafit plienonierio of tlie 
wt!filher- 

Tn hiK fimher applications of thcrmodynarjiics Pixjfess<ir von 
zold has clarified our ideas by intixKlndjig a series uf Eliagrumn after 
the manner first taught by Ciapevron. Assuming tliat a unit m»?« of 
air mixed with a given i|iiantlty uf moisture or falls adialmtic- 
aJly, Jus diagrums then show iis condition at any moment by means 


iJEVELOI^MtiKT OK ALEtEUfiOLOOV-ABBE. 30fi 

of curves Analogous to tho^ used by the steam eaginecr when he 

wisJios to ascertain the condition of the steam in his cylinder nncl the 

+ ■ 

amoimt of work being done by iL \"oti Behold uLo how to 

In^at any change.*^ in t!ie air that are not adijiljiitie^ uUIiough m nearly 
X* that they am caIIih] pseudo-adiiihiLlr. Ijitely a student of 
viiu BcxoItL Doctor Xeuiioif. luis puhlLsIiiHl a iiichII tuition of Hertzes 
rliagnim, togtdlier with €lalx>rate talileji^ by menns of wldclk most proli- 
lenis in the formation of doiid^ rain, and iiail or snow may be very 
easily hoIvchJ^ snbI with its nvilch accuracy iis tlie present state of our 
knowletlge allows, A still more extensive work along Lliis line has Ix'sea 
published by niy colleagtie. Professor Bigelovv^ in Ubi '^Voathcr Bureau 
Report on InterujitiomU Cloud (Jbservations. He Im^ not only dis- 
cufsed all the ulifUTvalions of cluLiiLs tiiade in connection with the 
Intcnnitioiud Prograinme during the year hut has: ad<led to 

thh a Mienuiir thot is quite unique in meteorology^ including a coni- 
jdete sytiieiii of fundamental constants, fonnulie, and it?dLUrtioo table^^ 
1 need only adcl that my colleague’s work on the hydrodymimii:^ and 
thcmiodynaiiiics of terreslrin! nieteorologn" as contallied in this vol¬ 
ume will undoubtedly Ijc recognized as pt^rfectly sinind. fiy ctdlect- 
jfig all import ant foniuilie ami tiinneriE^il coiistiints into one system 
of tallies with iinifoim notation, be has simplified the work of young 
students and rentlered it couveoient for tmynm to rapidly survey 
the increasing litcnitnni of the subject. I es|>ccially commend his 
fdiapters 10 find 11 to ex|>eHs in inatheinaticid ph^'sics. He has ar¬ 
ranged his numerical tables so as to make them ns convenient for the 
solution of his problems as are the diagrams of Hertz and Xeulioff. 

TiiK wATiinsi'orT oy At:otJsr. im. 

Noihing will more britljanlly illustrate the snccoss with which our 
colleague hji*£ atlHcked atinuspherk- problems than hi^ late^T ineiuoin 
which is now Ixing published in the Monthly U^eatUer Review on 
'^Tho \rateisiioiil of August, alxait which I will Skiy n few 

words. The luntern siifie picture that I urn about to ttirow u|a)n ihc 
scriHUi are exart t^Bpr^Hl net ions without ixtourhiiig, of pltotogitiphs 
of this Hpout, which cx^airted on Wediic^idny. August Ifi, in Vine* 
yard Somuk MiissaeJnisetts. It was ftirtnnately photi^grnplied or ac- 
euniteiy ol?serve<l from at least ?^i\- dilfertmt points sendiu southwt^t. 
West, and northwest of the sjxjut iLself, the principal virwK Iveing Llmst* 
taken at Cottage CdVir on Marthas Vineyard, widch was about r^| 
mdes southwest of the track of the spouL Fortunately a small 
HchiKiner was panning along Ijetwecn Cottage City and the and 

IIS the views it I ways include thi^s vessel its movement Ijecame the 
means of tiK^asiiring the exact intervala of tinie.r In onier to derive 
the l>e^^t results fiom tbe^ photograplis* Profifissor Bigelow jX^rsomilly 
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nsited the lo€]iti&D imd made sufficient iincasuretucnts to enable him 
10 convert the eppfireut distances given bv the photographs into an- 
glc^i ivml Jineai' di:^tances; so that we are able to chart the position of 
the schooner and the watcrs?ptnH from tune to lime dpring the tw entj- 
five Miiiiiue^ einbracccl by the jihotogniphs. Thnaj struts were snen 
in successiont though it H j^mljuhle dmt there was only one gi^ncml 
whirl in the atinoiiphci'e, moving slowly smUbeaiiLward wliMe die 
spout cloud iippeiiirtl and dbappoamL Xo phntogrtijdis of it^ rtent 
iippciinince were obtained, but those of the second mid tliir^l iipiJcar- 
jiiiccs are published as half tones in tlic Jlouthly Weather lieviaiiv 
for IDtMj and are niuniH*reii aa follovvH: 

SiHtmd appearanenF: - 

A. l-fri p. nn. by Chamlkwliii ut Cottage City. 

It, 1.0«:i nUf hy Cooiidgt* at Cottage City, 

C. IM p. m.j by Ilallet at Cottage Cih% 

Dj J Ji* tv Hi., Iiy iKxlge at Vitu-yanl lliivett. 

E, 1.14 p, ni.^ by Ward at Falmouth Heights. 

F, 1.17 p. 111 ., by Coolidgeat Cottage City.. 

(r, 1J7 p. nv, by Coolitlge at Cottage City. 

TliiM appeanincet 

A, 1.20 p, nh, by Chamberlin at Cottage Cityv 

B, L24 ]v rn.t by ChaiiilHwtin at Cottuge City. 

C, 1.27 p. III.* by Cofditlge at Cottage City- 

By I'cduriug the nicasurcaieu(-H made oil die pliotogniphK to linear 
tliiiicmrions Profes^>r Bigelow arrives at the fiilUnving Hgimw, whidii 
will interest you^ because they are t^Ttainly the fii’^t tluit have ever 
been detonniued aceariitcly for nny watei>ipniLt: 

The diameter of tlie watersixuit at sea level was 240 feet^ iLs smallest 
diameter midway l)t!twccri this and llie clouds 144 fw.i ; at its summit* 
or the lowiT surfafio of the clouds the diameter was 840 feet, llie 
appmximate U^ngtii of the liibtv or height from the ixwaiii to the lower 
hurfai'*- (pf tiie rloud* A/5O0 feet. The height of t!ie top of the cloud 
abovr its own wiis t2.400 feet* and Us total height jdicjve the iM^aii 

level was feet. Tlie spray, or cascade of drop?^ foimmg a 

cloudy or smoky appearance at the base of the ^pont, was 720 feel in 
diameter* anil the height of the si] mm it of ihi^ cascade was 420 find. 

As a small vessel h visible in. the middle of some of ihei=^^ pictures, 
I w ill add thill ilie ilistaiiet* fitun die piiologniphie cuTiiera lit Cottage 
City to the vviiterspout was 5,75 but the distance to the schooner 

was ordy 2 miles: the movemetU of die waterspout from the north¬ 
west to the soudimsf was at the rale of obfiiit 1 JO tiitle.s per hour: the 
rate of the sdiooncr was 1.7 miles per hmin The wind wms very light 
ut the time* as stated by seveml olsserveHs and ns shown by the 
smwthness of the w’ater. ^fefeorological observations ore rather 
s<‘nnty. hut from the best Infonnatioo at hand Professor Bigelow 
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finds the average temperature of the air ut i^ea level at the place of the 
spont was F<, or the maxijniim for the day, unci the thermo¬ 

graph for Nantucket also shows tiviu the spout occurred at the liiiic 
of nwixiinuin temperature. On the cjther hand, the teiiiiis'rttttire at 
(he laiul stJiiions fell rather rapidly to fift.ri*' ut Vitieyaixl Haven siiul 
mo® at Woods Hole, so that the effeclix^ lemperatim* within the 
iiiilieyclotiic wind that prevailed around the outside of the dotid, 
or tU a (lirttunee from the spout, was aUmi fiU®. Thc^ iKiiTanetric 
pressure in this outside region was about 80.10 inches, but it must have 
Iweii abcnit aO.O.'i iicaf the waterspout. The relative luimidity wtnf 
Itpw at the meteorcilogical statical. The lower strata of tlie utnicis- 
phere were drier llian on any other day of tlie month, and aftt;r 
seven*! trial computation-s Professor Bigelc*w accepts a relative 
Inimiility of fd cent ns prevailing in genend near the siirfare of 
tin- water at the time the waterhjwntl was formed- I’hese an- thu 
meteorological data ut skc level beneath the cloud whieh surmounted 
the woterspoiit. This eloml was u large cumulo-nimbus, with its 
tlut biuie alnmt Il.tSOd feet above sea level, us just slated in connection 
with the length of the lube. With Uie.se metenmlogicul dalti and ihe 
themiodyitamic etjnations. l^rofeK-sor Uigt-low computes the t-tnidi- 
tions in tlie air ascending in a rapid cvhirl witliin the center of the 
tube. 

The pretcding dimensions, cxnnpuied trigommieirirally, have been 
quoted ns measured fniin the plititcigruphs, but Uie figures deduced 
frtnu thermodynamic theory unci IVofessor Higelows tables are as 
follow.^: The height of Uie base of the cloud, or the drj' stage of 
the tiscendiiig air. should b(! feet, or (iS feet less ilntii the 8,tt00 

measured on the photograph. The cloud filagc- extends Ihetice up- 
wnrd for feet, cjr to n tohil height' of feet, ilerc the 

freezing or hail stage begins, which is a comparatively thin layer 
of only 248 feet, and therefore ceases at u total lieight of b.44S) feel. 
.Vbove this all precipitation is in the shape of snow, or numite 
crystals, certainly not hail or frozen waier drops, and the thickness 
of this layer, 6,7fin feet, hrinjp? us to the top of the cloud, at lfi.214 
fec?t. or H^ut 5,000 meters above sea level. The agreement of these 
thermodyaaojic c;omputations with trigonoiiietnesl measurenients ts 
tpiite satisfactory. 

Now the motion of the air depends essentiaUy upon the change of 
pressure, or the gi-adicnt. .\n abnormal horizontal gradient will 
produce horiSsontal motion or whirlings, but a vertical gradient will 
pruduee rising or falling motion of the air. Only a short distance 
from the waterspout, over the island of Nantucket proper, the verti- 
cal gradient corresponded to a fall of O.OJIS inch for each ascent of 
a hundretl feet, whereas the temperature und niDirture conditions over 
the woter near the spout give a vertical gradient of O.lfll inch per 
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hundred fee^ Tide small difference of O.lKliS inch per hundred feet 
comspandfi to n to^nl difference nf OJl inch between sen level and 
the elnuil bcLse 3,000 feet iiljove* Tt b this difference of pn^ure- that 
is the effective frriidieni for verticMl nioveinent, eunsing^ the air lit 
file Ollier iHumdarles to slowly dis^ceud wldJe tlto iiJr within the tulx* 
nipidly usi'euds. 

The main pnrt of Profei^or liigeiow^H memoir b devoted to ex¬ 
plaining numtTieally each step in the furmiiLion of flic spout and 
its linear and vertical inotians over Vineyard SQUodn From thb 
special study be b led to iuvastigate the whole qm^tlon of the con¬ 
dition iittcisiiin^ any overturning' that iimy occxir iu the atnios):ih0re. 
If a layer of eokl air be spread over a layer of warm iiir. resting 
fjiiii'ily npon it with ihe lielp of an inlcrveuing diaphrn^i, and the 
laiter be removed, we all knoAv that the cold xiir miisi descend and 
the wrtnii air rise—a process of overtiiniing such as is tR^urring 
every slay in the LltIll08phl■n^ The lueclniuical CDiiilitloJL^ or jnechani- 
Cid theury of tliis upsetting w^ere i^-eiitly workwl out by Margiilcs, 
and his view^s, ivitli some important modilications, are develojx^d hv 
I^rnfcRsor Bigelow in such a way that ix cerUiiri conclueion is inevi¬ 
tably ix^iirhech This overturning takew place not merely in a smiill 
wny. n.s in thunderstorms^ but on the grandest scale in tropical hur- 
Xi}\v the fpicstion has been Jbeux^'d pro and con for a 
liiinilix>d years as lo wliencc comes the energ)- iuvolve<i in the pro- 
diisdioji of the rapid rotuiy^ winds of liurricanes^ mainCnmed 

that in tliiirKler^UortiLs tlib energ}’ was slerivetl from gradients due 
to the ctmdmsatiim of aipieuuh vapor and the evolution of hejit in 
the cloiicb. I thought it due also largely to the sun's heat iicting 
f>Ti the top of the cloud* Professor Bigelow shows that while these 
are tnie camses, yet for hiimciiucs they are entindy iui^uflicieiit, and 
that the energy of these great storms b mainly derived from Urn 
gnnlieiLts pioduccil hy the overturning of layers uf rohl air Ho wing 
from Jjortheru Intjtude^ over the warm air that h flowing from 
southern Intitudes: by the descent of thb cold air to the ground the 
force of gravity gives it great velocity au<l momentum* In other 
won Is. w'e must not look upcai a great storm as n symmetric cyclone 
with H center of wanu rbing nir and an inflowing pericyclone of 
cold air. as vrns taught by foruier meteorologists, but wc must faert' 
the problem of a simple overturning in the lower strata of the 
atmosphere below the level of the genenil west wind that b flowing 
a few miles above us* The ideal cyclone and atiticyclone probabi? 
do not exist in the atmosphere. This conctusion gives precision lo 
an idea that Jerrel fully aoquiesceti in. nrnnely^ that the atmosphere 
ba±i no simple circuliition* cyclonic or aniicyclonic# but is a complex 
masij of mterlacing^i of i;urrents: so that the progress made by him- 
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self in studying ideal types miistt tsooiner or later be replaced by 
researelies; ilint adhere more closely to the actual phenomena of 

niitiirie. 

Thu ni?? 4 >luiiaii fif IxKiriiig oti ilw iiurchifcnics of tliis t-sirth's 

U Ktiunihiliiig tiu'" utForts of the worldbu^t Oktiu and 
tile iiingu til w 1 1 id I muieorology hm attained m it £5 progm^s 
tciwjtrd Iwing an exact science. Some ixirtioiig of meteorology are 
liJiTi-ndy as exact as3 our knowledge of diemistry, uplic^s, {ilijsics^ or 
asirononiy can make ihein; other parts are still in an unsatisfactory 
uonditioni wliiclu of ca)ursi% is also true of every branch of knowledge. 
We 111 list uarigTaUilale our colleague. Professor Bigelow, on the uon- 
tribiiUOitu lliat he hiifc iiiude along lines of i^usearcii that will help the 
next gi'tiursitioii of stkidenLs to a more tliorougii knmvledgc of laws 
limt will eveiitiially Ijecouie tlie basis of satisfactory long-ninge fore¬ 
casts. It will always redound to the credit uf tlie Weather Ihirenii lo 
liuve encouiiigetl and published such work his in this diflicult liekL 

Equalli’ creditable to Ainerica is the conception and eiftablLshmeiit 
by the CMiief of the Weather Bureau of a special research observatory 
at Mount Wemher, wiien^ for the first titiie in the history of nieltHir- 
oIugT tlie rusuareher lias been sepaniled from the observer, and a sjte- 
ckl institution provided for him. This i>ec?ma like the realization uf 
an idea ecaitained Lti it paragraph in loy addres^s at Indianapolis in 
ISOOi WTiy found new colleges and universities to teach what is 
alreacly taught cLse where? K^piamHon is the order of the d^ftj. (live 
us first the means lo inereo-se knowledge, to explore nature and to 
bring out new truths. Let us perfect knowledge before we diffns^e 
it Eiriiotig mankind, so that what w-e teach may w ith every comiiig 
year bu nearer and nearer the eteniiil truth of God's creatioii/' 

Thi.s exhortation is as applicable today as then. Meteorology is 
not yet properly recognized in oiir colleges, nor as a pcK^lgradiintc 
course in our universities. The wience has progressed, but the uni¬ 
versities have not kept lip with it. Labonitories have lieen providerl 
for chemistr>\ physics, psychologj', wgiiderfiil ol>5ervafories for as¬ 
tronomy and daljoratc establishments for mechanical engineering, but 
a laboratory for the experimental study of the motions of the atmos¬ 
phere has not yet been providetU although the men w'ho could con¬ 
duct it are ready and anxious to begin tlie great work that they see 
before them. 
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TJIK liKUlAK^lCAI. SSM.:itrTT UK J4iNIMIX* 

n>07l This is the i^oulehary yenr uf the Geulu^ieul Society uf 
Uiiiiloii; iiu^l niCiiitli thi; British gecilogi>iU will celebrate the event. 
hikJ llieir plcrtHure will rnhiinorfl by tU« sumpatlielic preiwnce of a 
dL^t ijtgiiifiJujTl cc)m|)]iiLy uf furei^^i 

WUli i\ just ffH>Ui3|rof wutisfiicliun luny w^e ct‘lel>r3ite this event; for 
to the Geiilogiciil SvK'iieiy of London is due the conversion of <p?olo^!y' 
from u funeifid Sfieculmion into un orJertHl science. Yci so quietly 
has lids akdeiy done its work Unit the debt iliie it b inadeqiiaieh" n*sl- 
izetl. 'Wliefj we eotisider whiil the w-orld <iwes to in n??^pect 

of its ecoiioriite giiithince. the intellectinit stimulus of its i?onceplion^, 
the revereiu^e it inspires for ihe venenible mid nmje^tie tiniver^, it^ 
lilieratinf^ influence from dogmUj we may rightly regiird the wuirk of 
the (leoloj^eal Ss^c-iety us one of the most, vnlimlile British contribu- 
tions tfi intellectna! i>rogresg during tlie nineteenth century. 

A hundred years Jigo the spirit nf the eighttsmtli centiiry still eoii- 
trulldl milch of the then orthodox p^olog^'^ JjiiEiesoiis Elements of 
of w'hich the |:)ft*frtce is dated Jutiuary 15^ 180S, taught^ as 
I he certain cnnelnsiions nf geology, doetrines that had been r^.^adied hy 
applying pnqucliced speeiilution to ininginary faets. It was a manual 
of pure r? prwn^ WemerSnii, geology» Tlie aiilhor claimed that to 
WVrrier we owe nlmosi everything that is truly valiiidjle in this iin- 
fkirtjint branch nf knowledge.*' and that it w'as Werner who had 
discovered t he general structure of ihe crust of the globe and j>ointed 
out the true mode of exmniiiiiig amd ascertaining ihom greal rein tions 
which it h oue of tlie principail aihjccts of gKigno^^ to iuvestigittc.'* 

Bill Jftineson'si hook was the dentil song nf Wernerian geology tii 
British science. A new geidogy ivas developing, aind the Geological 
Soriel V of Iximlon ushered in its iiirth. N^o more should oljservaitionH 
lie made through the distorting nu^dinm of pret^onceixed fancies! No 
Tiiort'^ should getilogy^ bt^ inspln-^l hy that heedless spirit which cures 
not to (listingnish lielxveen fancy and fact! With yoathfnl vigoi^ the 

•AijElresB to the Oeala^acnl soetroa, BrltlsJa As^ovlfHaon ter the Ailtnneenipi^ikt 
of bkrSciiceH Jiy I'rof. J. IV, trrri^firy, U. Sc., F. It, oTeBlUcin nt the Rcctlfui. 
Heveoty-sevraih aooiml aeopral aa^thh);, helU ai 1/i^jeL^icr AiiHawt K IwrT. 
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now geologj' wuilld have iiQtliiiig lo do with tho litareh for oosniogo' 
nil'? and such like fancy foods, and the fieologicttl Society of [<*mdori 
tjiouki he nourished on unadultertited facts. 

'Hie titni- was rijic for the chaiijW. less n person than (ioetlie. 
oiRV an cnthusiiiKlii; votary of geolog)*, was noiv, in his play nf 
Fniifcl,'* holding np its teachers lo ridicule. Tlie ihwries '‘ evolved 
fmin ilic inner conscioumessof routineiital Neptunists ntul I’lnio- 
uists were to Goetlto excellent subjects for caricature. It was then ihe 
Englisliniuii, (Ircenough. founded n society to turn geoUtgy frt'm the 
|jii)rsttit of doctinp fancies and lead her to tlie study of soVaw but 
enduring facts. The nicnilHJra of this society wen* to alumdiin the 
quest of sideiuitie chimeras: they were to leave to Inter getu'TOtions the 
attempt to soh*c the uni verse as a whole. 

The Geological Society has owed its influence lo its la*ld, original 
puriKise. It was not founded as u drifting social union of men with 
a eoiiinion interest in a single ticieiu'e. Its object was to apply to geol* 
ogy one particular mode of re.«earch. It adopted as its motto this fine 
passage from Bacon: 

"If any tnaii makes it his delight and care—^not so murh to cling to 
and list' past discoveries, as to ]'ienetrate to wdiat is la^yond them—‘Uot 
conquer Nature by talk, hot by toil—in short, not to have elrganli 
and plausible theories, but to gain sure and deninnsirable knowktlge; 
let such men (if it shull seem to them right), as trite children of 
kiiowleilge. unite lhcmselve,s with us.** 

The tiiethotls of the society were as practical as its ideals. London, 
with chameteristie unconventionality and origiiinliiy, has used its 
scientific societies as its university for posl-gnidnate teaching. In- 
forinnlly the fh<ilogind Society enrolled every British master of 
geology' on iLs sialT of unpaid profeswrs, then set each tif tlieni to 
teach tin* Iwaiicdt of geology whii'h he knew best. And lliest^ 
siUTi were no carpet knights; they were knights errant who dm-iveil 
their knowle<lge. not from books atone, but from their wandi*rings 
over hitU nnd dales, in mines and quarries, by ireqMilislicd rtaiks ami 
wmer-wom valleys. At its meetings the leaders of the society an- 
nounci‘d what they had disooi'en'd, gave sure and dcmonstralilc proofs 
of iheir discoveries, and showed in what direction the geological 
fiuit*)- should lx* directed for the ciniquisst of Xatnre. Tlie gomily 
fellowship bf the Geological >tocLi*ty has always encamped on the 
evi?r-a<lvancing frontier of geological knowledge, where the weU-snr* 
i-oved tracks pass out into the bright, alluring n*uhns of tlie unknown. 

The a etna I founders of the Geological Society wen? apparently men 
of less* showy intellect tlian the great Werner, whose teaching had 
intosiiateil many of the most ^fted of his enthusiastic pupils. They 
wen* men, like Homer anil Giwriough, who had a practical imdghi 
lliRl I'uaiiled them to give ti |H’rrnaiient liet[i to the progress of science. 
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They had that gift, the power to see things ns they nre* 

It woiiJd not fiur to clftim for them tlmt tlicy were the originatoi^ 
irf acciinite methods in geologi^: ^uch methods had been used befort- 
their day=“hy ?>mith in Englaod. by Ijehmim in Germany, 

smcl by in But these men. iieting singly, hinl not 

iHH'ti iilile to siive gc^itsgy from ilie eigJitt^'iith-rentiirj" spirit uf ud- 
Vi'iitiiroiLS s|>eeulntinn, nor had they liftPi] frcun geology tin* luirdeii 
f>f thotie qiminl thef>ries tlmt made lliis science Uie hutt of VoJtaires 
luminoiis ridindev 

The givat Hcliievement of the Geological Soctiety has Iw.-eii this: 
ji <.!<jrporitte iMidy it lias been able to s[]ircatl its iiifliieiico very widely: 
iLs clear-sighted pursuit of a jiiiicticfll ideal has l>een adopte^l In other 
countries: its iiesolnto rejection of tlie temptation to wander in dream¬ 
land has jilTiH'tnd gtiologictil students all over the worhL In lIiia wjty 
has lK4^n laid n lirf>iid foiindiilion of txxsitive knowlpiigit ujmuv wliich 
mffllern gndugy has been built. 

Tlie tine self-restraint which iiidiice^l the founders of thi- Getdugical 
.Society to 1‘estricl its work for a while to observing the sttrfat'C of tlie 
eanb Inis had its reward* The methods tins society was foiindrd In 
rmploy linve 1>een so widely nsnl that we now have geoJogienl maps 
of 41 wider an^ii limn was known to gerigmjiIters of a mjnlury ago. 
The gem-nd distribution of all tlie rocks on the earth's surface has 
Im'cii discovered: most settled ixaintries have been surveyed in suine 
detail: the main <nitlineM of the history of life on the earth have l^.H^n 
written and carriml back almost as far as paleontologist-^ an? likidy 
to gii. There are doubtless fosjiiliferonH an*as still nriilisirovcml in 
the htek bkM'ks"' fd the world; but, though nrgsilivc pn^dictinn-s nni 
proverl>iall 3 " reckless, it st^enis pruhilde that palwntoingi' will ni^t 
carry geological histc?rv materially farther Imek. Fossils have l>een 
discovered in the pre-Cflinbrian n>cks; the Iwst known Is the famia 
descrilx-d l>y Wukmtt from Montana; but his Beltina. the old<.wl welb 
clniracteriKt'd fossil, is still of PaleoK^dc type. It niay In? that the 
poverty f>f rarlHnuite uf lime, which is so rharmiEeristic a ftnitim* of 
Citmbriaii and pre-Cambrian sisdinients, indicates that tin? hulk 
of the fMUitemimrary orgtmisms I mil chitinmis shelJ.S nr weri" soft- 
iKKlicd. Paleontnhigi’ Ijegins with the ap]H-aranee of hsird-ljodietl 
organisai^; it can only reveal to ns the c!a\vn of skeletnrus, tint the 
dawn of life- AVc are: deiiendent for knowletlgc of the climate and 
geography of Eomir time on thrt evidence of the sediments, of which 
there am great thicknesses licncath the fossiliferoM^ rocks in most 
parts of the w-orld> 

* 8iich are tlic Alpenaian soclliat^ata rrprCTicnted bj the Onrenlan amt AJgon- 
k\nm of Atnerlca# the Al^onklan^ uf E^euMiaavla^ tho Karelian of Finland, tliu 
Brletdxlan of Northwoiit Francen the Hi!atha>Uii.a of Aabtralia. the Tnia«taaT 
sail HwD;an4i[kil fO'flteaif! of ^lUh Afrlcn. tho nhanvEir a 0*1 Htjawnr jwjitcnijs of 
Itiitin, thf^ IlacohioinUe f^erlvH of RmiM. etc. 
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*T«i: OBOLOfiY OF THE EARTH< 

JfoAV thnt this geological siir^'Ey of the earth h* in fiipitl pfogTeffl; 
while the liistorj' of life lia^i Iweii written nt least in outline: (he chief 
fossils, iJiiiientls, and rocks hii^O been described nud generoiLsly en- 
dowtal with nomes; und the manifold activity of water and air in 
inoldiug the snrfaif- is tiiily apprecin^Hh it is tit*! surprising to finsi 
that the tvnlerof geological interest is shifting to the deeper regions 
of tin* earth’s crust ami to Liu; problems t>f applied geology. The 
secrets of these deeper regions tire tx»tli of ticientitic aii<l econtPiiiic 
inteivst. They are of scientific importance, for it is now- gwierally 
it^copiiized that the main plan of the canhs gisjgiwphy am] the 
i's.sential churacters of the sucssssdvc geological syatenis are tlie 
ix‘suh of iiitennd niovuments. Tlu* iflative iiuportutire of liusa- 
restless extornal agents that we can watch, dciniduig hero and de- 
ptHiiing thciY>, has been esnggomted: probably tliey <lo little nioi’e 
than t^>ften the outlines due to the silent licai-iiigs pmhieed by the 
rolossiil eTiergit's of the inner earth. 

The study of the tireper layerg of llie crust i.^ of economic interest, 
for. witli keener wmpetilion between increasing popuhHions ami willi 
the csliniistion nf the most easily tiseil resoutci's of field and mine, 
there is growing need for the better ntilixatinu of soils and wjiters and 
for the pursuit of deeper deposits of ore, 

Tf ii shaft l» sunk at tiny point on the eartliV surface a formal ion 
of Anrhetin schists and giieifses would probably nlways be reached; 
und. working itarkwnrd, geologlca! melluKh always fail at last—in 
prime vnl, Archean darkness. The Archcan rocks still hide from us 
the (iirlier pcriwl of the cartli’s history, itidiidiiig thni of all rtwks 
which now lie Iftiieatii them. But nlrciidy theiv are indications ihat 
the mystery ttf the “ Iw-yomi " is not so impeiietruble as it s«‘m«L 
1. fbr mhuhn- (tfifi Ayyaj/Ai’jse*-—I'he eighteenth ctmlury 

explained the hislnrj^ of the enrth by the nebular hypothe.sis of Sji- 
place. Geologists resjsoctfuIlT iidopted this idea fmm the astrimo- 
niers; they accepted it as (}ne of those essential farts of the imivt'ise 
with which p;ological philosophy must lianmiuize. The resulting 
lluHiry repreiienled the earth as originally a glowing cloud of iiiran- 
dcseent gas, which slowly cooled, until an irregular cnist of ro<;k^ 
furmetl artaind a gaseous or molten core; ns tho surfa<v grew ctatler, 
the flc[>ressions in the crust were filletl with water fmon llm wiidons- 
ing vapor, forming oi'eans which IwcamC hn bits Ido as the teiiiiieratiiro 
further fell. The whole earth w'as thnuglit to liave lind « long period 
with a itnivcfwil tropicivl climate, under w'hidi coral rw'fs gitjw where 
flmv our polar seas, and palms flourUlied on what are now tlte .\relic 
shores. Still further cooling had establisherl our climatic viones; annl 
it was predicted that in time the pO'lar cold would creep outward. 
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driving nli liring beings toward the equator, until at length the whok 
earlh. lite llie moon^ would Iwcome lifeless through oold, as it hn*l 
onec liwii uniiiliubitable through heat. Tlds tUe<ir>' has jjerniiinently 
impressed it^^lf on geological lerinliiology; and its eorollarit^, jmjiiliir 
lefrigenitioii nnd the eontortiuu of the ^^hrinking oiu'e dutiin 

11 tiled discussions concerning climatic liLmorr and the fomiutioii of 
nioimliiin riinins* This nehiilar hjfH>thesi&, howev^cr. we arc tiow told, 

mutlieijiaticsilly Ltnpitjbabh\ nr even impo 5 ?Hibk ; and it is only con- 
sisdent with the facts of geology on the assiiniption that* in pmpor- 
tin]] to the agi' of the world, the whole of geolc^ical lime is iiiJilg- 
nifieiLnt thaL (he secular refrigeration during it k quite inappreciable: 
heiiw gfokigy can no tuoi^e confirm or correct the. thti^iry that a stock- 
bmNLler e<iuid refute evolution by failing to breed kjiiigaruos into cows 
in a sfingle lifetime. 

The tiieorv of ihe ga-seous nebula has Ijceii prolmbly of more 
hiiulranco than help to gtHslogists; iLs siiccessoi^^i ihe meteiiritic 
hy|x 3 thesis of X^kyer and thf^ jdaiietismal theory of Chamberlin* are 
nf fur mure praclieul use to us, iiiid they give a history^ of the w'orld 
COILS ktciit with I lie actual records of gcQl^^gy^ According to Sir 
Xorman Un^kyer's nu'teoritic hypothesis, iiebulie Lumets anil inany 
H> cal led stars consist of svvomiK of meteorites which, though nor¬ 
mally cold iiitfl dork, are lieatcHl by n Eitisl collisions, [iml s^i l^K^onie 
luminous. They may oven Imj volatili&ed into glowing meteoric 
vapor; but in lime this heat is dissijjateiL and the force of gnirity 
condenses a mcteoritic Rwarm Into a single glnhe, Some of the 
Rwuntis arc, says Lodtyer. truly members of the solar system,” and 
some of tlieiu travel aroiiiul the sun in nearly cirt^nlar orbits, like 
|)lanelR, Thev may be «?gonlt!d as infinitesimal planets, and so 
tliaml^erlin colls ihem pbnetisniaLs 

'rhe phuictisuifll theory is a development of the mcteoritic theoir, 
and presents it in on especially attractive guise, ft regards meteorites 
ns very sparsely distributed through spiice, and gravity as powerless 
to collcK't them into dense groups- So it assigns the parentage of ilm 
Ridar system to a spinil nebula com]>os*Hl of plnnetii^mals, and the 
planets as formed frum knots in the nebula, where many planotii^inals 
had iMH'n wnreutralcul near the intersections of their orbits, Thcsso 
gToti|>i of meteoritrii, alreiuly as Rolid as a SAVairm of bees, were then 
packed closer by the influence of grarity. and the contnicting ma.ss 
was heated I 13 ’ the pressure* even above the nornml melting point of 
the iiuiteriab which was kept rigid by the weight of the overlying 
layers. 

This theory has the nMJorumcndation <if being consistent with tlio 
bistnry of Ihe earth as interpreted by gculog}'- For whetcas tbo 
neludav hypothesis represents lliu earth as haviiig been oripniiUy 
intensscly hot: itnd having perristenLly cooled, yet geological records 
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tibow tliBt nil eAttii&ivt; low'-ltfvol ^kucititioii oC(;iiit(h1 ij-i CambriiiU 
times in low intiiuiifis in Soolli Aiistnilla;^ iiidscd* it sMins probablo 
that, in spite of nifinj" great local varlationg, the average climate of the 
whole world has reiiiainiKl fairly constant tliixiiigliout gcoUigifal time, 
ttliercas it has often Iwcii rep relented i in aeeordaJite with llie iiolnilor 
ilieorv'. that A'oicnnic action has sLeiidily wancth owing to tlie- lowering 
of the eartii'a iniernal fires and the coiiiitnnt tliiokening of its crust, 
vet epochs of intense Tolcunic action hsKVe neciirrcd tlirougliout the 
world's hLstory, separated by ix'riods of comparative quiescence. 
Wlieri'iLS it has \nv.a assumed, its a corollary to ilie nelnilnr theory, 
llmt llie ftnv-v wliidi uplifted mountain chains was the crumpling of 
the crust owing to the conlntctioii ipf the iutenntl luass, yet ottservation 
reveals that the cniBl has Is-uu cornigatetl. lijuI fold mountaius formed 
hy coni ruction to an extent fur greater than swnlar cooling can 

2. Thij ths hiJiff* ditr/A.—^This pljitiettsnull hypothesis 

is uot oiilv cuuijiH-tent with fjifological recortk^ hut ulsi* wiiU the known 
fiu't.H ii?^ to the internal comjiositioii of the i^arth und the aructiin* of 
extra-lHTifstrial bodies aa revualf^l by meteorites. Meteorites are of 
two main kimls — the meteoric irtiti.s, wdiich consult of nickel iron, and 
stony inclctiriteA. which arc txtmposed of Ltasic minerals. Some of the 
stony meteor it en have la*en shattered inlu fault breccias, showing that 
they an? fruginents of larger Ijodies which were subject to internal 
meUna-nts. tike those that have formed crush conglomerates in the 
crust t)f the earth. Those stony rneteurites, therefore. Uilh in etnn- 
poeiition imd siriictiiro resemble the rocks in the compamtively shallow 
fnictiirc MHie of the earth's cnist. Tlic nickel-iron meteorites, on the 
<(111*^ hand, repn^nt the iiarysphcrc beneath the crtLst, 

The earth appears to consist of material Hifnihir to that of the two 
tvi»s of meteorites; but whcilier the proportions of the two materials 
in the earth represent their proport ions in other bodies and in nieteoric- 
sw artiis is pmblcmnticn]. There apjwar to be no ailisfactory data for 
an estimate of the rektive idnmdance in space of the iron and stony 
meteoric material. .Stony meteoritef; have lamn «<?ii to fall fur more 
frciiLiently than iron meteorites; but the largi'st ktiowii meteorites 
are of the Turkel-iron group, allhougli thk material, in mniMi elimatcs. 
vi>rv soon decays. Thu most reliable ind lent ion as to the re^lative 
amounts of the stony ainl nickel-iron meteorites is given by it thiin- 
pari.soii of the weight of tlio two types of iiiateriaJ in meteorites of 
which the full was seen. According to Mr. Fletcher's list of the 
meteorilcis in the British Museum up to 1004, the collection included 
310 specimens of which the fall is recordeiJ: of them 305 specimens 
were stony melettrites of an average weight of 2.fS3 poumk, ft were iron 
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lueteoritca of Hii iivtTJigo weight of :i.31 poiintU. tmd r> were rfiderxtUtes 
^or meteorites t»ntRining n brgo proportion of both bihcatcs imd 
nickel-iron) of ttn inemge weight of 34 pounds.- 'J’herefore. awoid- 
ihg to ibis ti'st the >ttjny ruateriiils would uppour lo Iv the tnor<? 
iiimndnnt. lint i f nil known mettKiille'* mv i-tnisiderfil. llie iron groiiii 
far tnilweighs rlu- other: fur the iron nielrurUes in ihii Uritisli Mu- 
s^iiin t'olttH-litm weiglied 11.^73 pound-, ns ngiun-i n totnl wcdglit of 
oiilv M)r> poiituU of stony lueteoritcs- The nvuiliihle evideriw ifiiggest-i 
llnit ihi' rfony lueteorites fall the more frequently on the enitU, Init 
llie nieleoric irons ctniie in such Itirge masses that they uiitbalnnce (he 

showers of llie snniller fitniisst. _ _ ^ 

IVe might Imre expected help fmm another source in exanuniiig 
whiil Ills Iwlow the Arehcnn nwks. Can not the n>ltttive prij|x»r(1oiis 
(if the atruiy ond metallic coiiiftitiientit in the earth help ur-f 1 nfoi- 
Liinately. this pmi>ortion is ns imeertain ns that of stony aiul iron 
meteoritle material. Tlie hestHJstablished fnet iilxiiit the interior of 
the enrlh is tluit its materials arc much Ucarier than thos(f of its 
i-ruM. The Hjxseiflc gravity of the earth as n whole is nbont S.tiT: iho 
specific gru^uty of the niaterinls of (he entst mny he taken ns about 
^.* 1 , while that of the lieavier l>iisic iTtwks is only about 3,0. Hence 
the earth as a whole weighs about twice as much as it would if it 
were built of Tnnterinls baring the same density as those* which form 

The crust. ' 

Two explnnntions of the greater internal weight of the earth linve 
bi.*en given. .Vccmriing to one, the eartli is comjjowii thnmghout 
uf the same material, and tjie internal mnw is only heavier bccaiiw 
it is TOiiiiire^i!s.al by tlie weight of the overlying crust, l^plnce csti- 
mnteii that the material would grudunlly increase in derisity from the 
Kill-face to the c-enter. where its specific gravity would be 10.71. and 
the calciilatioius of Schliditer show tliat coiideasaiioii due to com^ 
prffiiion mny be adeiiiiate to atsjonnt for the greater internal weight. 

.According to the alternative or segi-egation thtiorj'. iha dUrercuce 
in density is explaintsl as due to n difference in coiiiposition: the 
interior of the earth ia thoughl to l.>e heavier owing to the cfmeeTitra- 
lion of metals within it. The prolMibility of this metallic interior 
has V>ei‘Ji iidvaticed from several lines of evidence; and (^he assumed 
metidlie ma-ss lins receiveil from Posupny the name of the ’‘hary- 
sphtwe." or heavy spliere, Acconling to this view the earth is cssen- 
tiallv a bilge bull of iron, which, like modern jM-ojectiles. is hardened 
witli nickel; mid it is covered by a stony cnist, the matei-iab of which 
wei'e priniiirily separated fi-om the metallic mass, like the slag foriued 
till a hall of solidifying iron in a puddling furnace, 

Tbi' wcJpbtH are plvcn In [wtnnlH uvnlnlupolM;. For the culeulutloti t am 
Pmieblefl tD Mr. W. It. W!Benian. nf the Oeolo^fk'sl IJotnirtmeiit of 4iJaJ«aw 
L:iit\GraLtr, 
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It hils ubjf^tLHl ihiii ttn5 eight of the earth is not gn?*t 
cnicrugli for much of it to be com posed of metallic troii or of meteor- 
itic lioiteriiiJ. The specific fftAvity of iron under the pre^OH; at the 
caHhV surfHce ih iiVioiit T.T^ luid it would bo v:vej\ givater when 
pre^^] in the interior, liut the Ijar^isphei^ is doubtli?!*' impre^nied 
witli much stony material thtit would lefsen iU w'eight. An cstimfite 
bv Fiiriingtoii ( 18 ^» 7 ) of the averagi^ s]>ecific gravity of the meteor- 
itfiis of which the fail had been recortled h only 3 Ai!>. According to 
the Rev. E. Hill (ISBuJ, Oie mean sjjccific gravity of nil the meteor¬ 
ites in the British ^Inseum was 4-0; and, though Mr, lliU duly run- 
sidered the effect of compression, he concluded tluit ‘"the deimty of 
the earth is [x^rfectly consistent with its biding an aggregiiticm of 
tiieteoi ie muteriak.’^ Moreover, within the mctulhc burysphon* thero 
muv iic a wire uf lighter matermU for eartlninake waves tnivel 11101** 
i lowly in the ctmtnil cor* of the earth than in the iiitcriii*< 1 iate ssone. 
or sir* even .suppressed altogether there: li*nc* the c*nter of the earth 
may be occupietl by matter less compact than that of the shell around 
it; and, according to Oldliinii'i; eatenlatlons^ the Ijglit I'eniml m"- 

cupies two-fiftlis of th* diameter of the csirth. 

The evidence of density Jilone, therefon?* gives no convincing e^d- 
daiice of the natin* of the eaitirs interior; and geologists have ixfen 
l*ft with no conclusive ruMson for choosing between ths^ wmdensation 
and segregation theories. Radio-activity has, however^ uiiexj>ectfKlly 
coni* to our aid^ and has di^iolnsejcl 11 fiirLher striking rc-temblmice 
liotweeji the internal mass of the curth and the iron luetenrites. It 
Ims supplied direct cvidenc* iiU>ut the constituents of the earth at 
ilepths whicli have hitherto lieen far beyond the rang* of oliservatioiu 
^fr. Strutt has shown that rcidinni is probably limited within the 
earth to the depth of ITt iiiiles, that the dwper-lying material is free 
from radium^ and that this snlistaiu'e is no| found in imn rueteoriK's, 

Til* ngreement in mdio-activ* projicrties l>et'iVfH?n the iron meteor¬ 
ites and the interior of the earth is an additional and weighty argil- 
inent in favor of th* view' tliot the earth is largely ri>mposed of nickel 
iron. 

3 p PA^mcdl afifl Irmpet-altirtH. — ^['b* pity ideal ccmdilioii 

in which the material exists is now of secoiuhtry interest, Tlie tdd 
rout 1*0verfij'^ as to whether llie earth has a molten interior iimlosi-d 
within u solid shell has lo^'^ its importance, becauiiJe il has kx-om* 
a mere matter of itefinitinn of lenns, I 1 ie facts which led geologists 
(u l>eji*ve tliat ih* interior of the earth is iluld are consistent with 
those which prove that the earth b more rigid than a gloli* of steel- 
For irnder I he imiuerise pressiti* within the earth th* material can 
transmit vibrations and resist compresision lik* a solid: but they can 
change iheir shfljw as easily as a fluid. They are fluid just us lead is 
when it b forretl to tlow from a hydraulic pressH. Not only are geolo- 
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gists no^' iu&tiliwl iii their belief that the deeijer layets of the earth's 
trust arc in a state of fluxion, but, according to Arrhenius (19001 1 
the ciii th h solid only to the depth of 25 miles, below which is a 
hqiiid zom exteuding to the depth of 100 miles; and Ijelow tliat level, 
lie idis us, ‘the temperature nmst, without doubt, exeeef] the critical 
temperature of nil known substatices, and at this depth the Ihptiil 
inapiia puswes gradually to a giii^jus magma,-’ This distingtiished 
physicist gives a description of the eartlv^a intcrujr which reminds 
u-^ of the views of iliu early geologistjs. Arrhenius's theory restH, 
however, on the existence within the earth of esftlte<l tcmperntures; 
and ihiH assumption ii geologist iimy now hesitate to accept with less 
ri^k of getting into disgrace than he would have run a hw years ago. 
It is improbaiik that the rapid increase of heat with depth which is 
observed near the siirfiice ^^hould continue below the lithosphere; for, 
if the ciiiili consists in tho main of iron, even aitUoiigU it be tirningi^i! 
ns [s incsh containing silkutes in the intcrspacesi, the heat conductivity 
might be suflicient to kee|i the whole nictallic ispUere iit a nearly equal 
temperature. Hert^ ugnin. ilr, Strutt''^ work on radio-activity is iii 
full agreement whli ihe raiuiiTinents of gu^jiogisls, for he estimates 
that Indow a crust 45 mik^ thick die earth has a uniform temperatnni 
of oiilv C* Wlieihcr die further coiiclu'?lon that thb heal h 

due to the action of the radium in the crust lie established or not, it 
is graiifying to hear a physicLsI arjfnnng in favor of n moderate sind 
1 mi form internal temiieniture* 

All that the actual oliser vat Lons prove and that geological theoric-s 
rer^uire is that the inaterinl within the earth be intensely hot, and 
that it lie under such overvvhelnung pressure that it would as rea<lily 
diiiiige its form and as quickly fill up an accc^ble i!uvity as any 
liquid would do. Whether £uch a condition Ls to be described os 
solids liquid^ or gaseous is of little concern to gsEmlogisb?, 

THE pET:r-s>;ATri> control over the earth's ai^FAtr^ 

The tnoflern vdevv of the structure of the earth adds greatly to the 
intenhiit of study, for it recognises the ivorld as an individual 
entity of which both the geological felnicture and the history* have to 
be consideral as o %vholc^ ()ncc the earth was regardG<l ns a mere 
lifeless, iueri mass which has been spun by the force of grn^Tty. tlmt 
hurls it on its course into the shape of a simple oblate spheroid. 
Corresjionding with this astronomical teaching as to the shape of the 
vvorld was the geologicfll doctrine that all its topography is the wnrk 
of hrn^l geographical agentST whose control over the surf ace of the 
earth is as absolute os cliat of the sculptor's chisel over a block of 
marble. 


3^0 Ai'SUM-i illil*Ol5T SMITHBON'lAS ISiSTlTUTlOS , 

Boih these ctiiiceplioiis JU'(‘ now only of biitoric interest, 
irroijular iiiflividiisl shii])^ of the esvlh is espressed bj' its d^riptlon 
ns u ijwid. Tlw processes whidi have produced its varying shape 
liavu ulsn contvolk'tl its ‘jeoltigivnl history iind WolTitinn. for I hey 
Iiiiise dtstiirbiint-ts of the oriLst, whidi olTccl the whole tnirtb Hiniul- 
tiiDeooSiyj and so llie j^OiLiriiphknl ngeuls ore given suuihir work 
tmd powers iit the siiiiie time iu dilieretit pincew. 

Heiiee there is ii ruiunrkable worM-wklc luiiformity in Urn gcnrhi! 
thaniders of the scdimenlary de|™*its of each of the geohi^enl 
systems. The last jire-t^timhrian syfttuJii iiidiidcs thick musses of fcl- 
spilthic sandstones alike in the 'rorritlonimi of Scmlhiinl, ihu spimig- 
iiiite of Scmidinnvia, the Keweenaw an sandst tints of the T’in led 
States, anti jwrhaps also the rpjartKites of tiie Rami. The Cambrian 
has iu* graywitckcs and coarse states and its nninerourt plio<[)linti« 
limestoncsr. the Ordovicimi its prevalent shales and stntiw; the Siln- 
rkn its episodal limestones and slialcs. The Devonian has its wide 
mviis of Otil Red sandstone!} as it continental tyiw, while its marine 
repreiwntJitiveii diow tiie pn'Valeiice of coarise grits and fwiulstoncs 
in the hover scriciS of liinestnnes and slates in the middle scries, and 
the recurrence of sajiflstaiu^s in the Up}ior series; and ihk adpicmi? 
occur? alike in Korthwestern EuroiM', in .\mcriea, and .\.ustm!ia. 
'I'lie Carhonifcrtnis contains the fimt regionnl Ijeds of thick liiinsioue 
and tlie lii^t important Coal Mca.'mre's. The Trias is as t^arncterii^ed 
liv ifxiks indicating arid continental conditions in Ainurica and .VuS' 
iraliu and Soutli Africa, as ^Professor M'alts has siMinii then jire- 
vailed in dm neighborhood of Ijiiceater. In the MesnAoii: cm we 
owe to Sm^s the demon stmt ion of the world-wido inJluence of those 
murine encroachments or " tninsgresaions ” whereby the great conti¬ 
nents of the Trias were gradually submerged by the rising sea. 

tSpeaking gcnemlly, there la a remarkable lithological rescmblanw 
betw’cen contcmponiry fnriiiation-s in till parts of the worhl. This 
fact hud been often remarked, liut was iisimlly disinis?cd as ilue to 
a riutnlxjr t>f local isolated t'oine.idciicw} of no siiccial slgtiificanre. 
But the coincidenceis are too numerons and too striking to l>e thus 
lightly dismissed. They arc among the indicutionft that the main 
earth thangca have Ijcen due lo world-wide causes, which kd to the 
pn'domiiian. t of die same types of sedimentary rocks duritig the aiine 
[X»ri(n.t in many regions of the world. 

The conditions tliiit govern the geological evolution uuii gcuend 
geography of the cartli are probably due to the interaction between 
the eaith’s mist and the contracting interior j they may take place 
as slow changes jn the form of the earth, causing the slow rising or 
lowering of the sea surface, or the slow uplift or depression of rcgion.s 
of the enrtli’s crust; or tliey may give rise to jieriodi} of violent vpl- 
rauic aclion in many pa its of tlie earth, between which may be long 
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periods of quiescence. The geograpldcal effects of cliaTigies in ilie 
cailJv^s quivering itiass affect distant regions at the sumc time. TberO’ 
fore tiie landmarks of pUysicnl geology will probably be found lo give 
more precise evidence us lo geological synclu'otiisiu tliiui iliose of 
paleontology, on wliicli we have lutlKTtu bad to rely. 

I'HTONlHT^i A NO ORK VORJIATlON. 

Belief in the earth’s iniemal ftm was most faithfuHy held 
amimgsl geologies by the Phitcmisla of tlie eighteeutb century 
and repudiated with equal tbonaiglmessi by the Ne])tuni!-ts, who 
lefused to wuirede iliat volcanic action wus due to deep-sen ted 
c^niic cuusiH. 'I'llus Janicrton in IWOf stoutIv iiiaiiitainod Unit vol- 
i'aii(H'> were sujHU'fitial phenonieiLa ilue to the coiubustioi! »t l^eds 
of mal iK'iiciith fusible naiks, such as liasall, and tliat lliu explo¬ 
sions were due to the sudden expan^-ioii of sea water iiilu steam 
by contact with tlie biiniiug coal. VolcBiioes, ais’ordiiig to tbi-s 
view, were correctly ilcscribed as Ininiing uiuuntains, giving forth 
dn-, llanic. and Kmtike. The extreme Xeptiinist and IMutoiiUl 
svduMjbf have long sinco been extinct, bill tjic contreverey is not quite 
clnsi?d. I’he hatilcfield k now practically restricted to economic 
geology, and the iissiic is ilia origin of some iinportunt oivs. 

t)rc di‘iitjsU.s prvsimt w tnaiiy ps'i-plcxing features that deep-sealed 
igneous agencies were nuLiirally invoked lit cxplaiTi tlieni, and some of 
the most lliorjaighgoing champions of the ign«>ns origin of ores 
make clnima that remind us of tlic eigliteentb-centliry Pluloniats. 
The question is to some extent a matter of lemis. Many of the ores 
whieh for exLimple, describes ns of igneous origin he* attributes, 

not to the diiiect cousolidalion of iiialeriul fixiiii a molteii state, but lo 
eriiplivt* after actions tine to the hot solutinns and heated gases givirn 
off frem cooling igneous rocks. Igncoi's rock-i probabl_v' play a 
notable part in the gimisiis of most primary ore dcjxK-its; for tba 
entrance of the hoi ore-!teaI'itig solutions is rendered poisiblo by the 
heat of the igneous intrusions, as I'rofesiHjr Kemp has well shown in, 
blH [)ii[ier on '* 'I’be Eole of Igneous Itocks in the Formation of Metal¬ 
lic Vtdiis." Professor Jveiup liiniu: the term " ignc<)Ui$" (o uiaterial,'* 
formed by the direct consolidation of molten matorial: and tbisf de¬ 
cision seems to me to be most tonvciiicnt. For example, the iiuartsdlc 
(hat is so often found lauieath n lied nf basalt is due to hot alkaline 
water from the lava cementing the loose grains of sand; the process 
is an eruptive after action, but it w'ould be unusual to call such a 
quartzite an igneous rock. 

1. ig-neom Tlial there are ores which are the prodnets of 

direct igneous origin k now almost unlversaUy udmitted. The 
iTiincrtil magiiclile is a most a’iiIi pubic source of Iron, and it is a 


coiistili^iiut uf most bask jgtieous rocks. If itoh wore a high-pricod 
niofoK such fl 5 tin or nf which ores (?ontaijiiH:g 1 or ^ per cent 

It re proiitiilily workcil ^ ihoii won It I be mi yrc tjf i|^iieoiis origiJi. 

Under present i:<JUiUierriflI cojulitioioi, liowover* hu-sall^ enti tiol 1 m- 
it^rdrd J 1 S an iron ore. Ihit if ilic ijmgiietito in \i lja;^icr nwk had 
txH>n ^gn^LTutai into clots or large enough mul pure enough t<j 

jiiiv for milling, then they wouU] Im? iron orKi fornidd l>y igih'oiH 

jLciiiiii. TIicitl* ure oa*«s of such segn^gntions large enougSi to bo 

Hiincrh The most fiinnHis ia Tabcrg, a mountain in ^maUmh 
the t-oullicrn cntl of Luke Wetter, in Sw^cdeii. It m a Itjcality of 
historic iiilercsHt j a view of it. rs n iiioimtaln tjf iitm, was publisheil 
l>y IVler AscaiiJiis in the PJiilo-^phicwl Transact ions« in mul 

rtefstroll! iJiiMNjveml the clement vaiiatHuiJi in its ore in 1830, 

Tidwrg consists of an intrusive mass of rtjck comijosed of magnctiie. 
liiiviiie^ liihradoriic^ ond pynixenc. Many tJieorics. of its formation 
have l>eeii mUtinced. The view gciicmily adopteil is that of 
Tbi-nt^lM>hnu wlio descrilied the jxjck us a variety of hyperite in 
whii-h iheiHs has. Ih>cii ii vantrul scjLjregation of magnetite it> such an 
extent thill H>me of it miitiiins 31 |.)er cent of iron, Tonu'bnhni 
{daijiis to hiiVc ti'iHX'cl a gradual pitssngu from nonniil hj'pcrile to a 
VKiriefy jaH^r in feldsjnu-, then to one. without feldspar^ and filially Lo 
a granulur inttTgrnwth of magiieute mid olivine, rhis Tid>erg ore 
wn^ mined mid snielted for iron in the eighteenth century, when 
I rnnspciil nu^rc coi^tly and rnjnnicrcial i*otnpctition less keen than 
it is to-day. The ore has lieen worked at inter^'aH as lute a.H ISTO^ 
and iis the liill is estiniated to conttiin 100 million tons of ore alhive 
the level of the adjacent rail way. it is not surprising that efforts am 
IjciJig agiiin made to ntiliKE^ the deposit^ in s|Htc ttf its low grade mnl 
1iigh tx-rtvntage of tilaniuiii. The Tuberg hyperite has ulniost 
reached ihe Una which divhles niiignetite-bcnring rocks from useful 
iron ores. Its igneous nrigin, however, has not beon nnivetsally 
accepted. Hie tluxury ha*^ IxMm n^jected by so eminent an atithority 
as I*fV 4 ejmy. uctfonliog to whom the nre occurs in solid veins as w'dl 
us in gmimT; and he holds that, like other Samdinuvlaii iron ores, it 
was clue to siajoiiilary dejiosition. During a vbil to the mountain I 
failed to see any secondary vein.s, except of inBJgnifiiaint value. Tlie 
uiJcrtweopii: Si-ct ioiis of I he on' show that it is a gra lmhir nggregate of 
olivine, generally with Ubradorite utid pyroxene. Hence I have no 
liesitation in accepting the view of the Swedisli giM>logists and regani 
Tul>erg a.*- a iiiugmatiq st^gn^gntbin Posepny ^ ims lu this rasfl racried 
hh Septunist tluKuy <if ihe griu^iM of on*s too fan 

* VoL XLEX. riv pL ttr 

■"F. IN>?6etiii>% *'TUe? ijoaeaia i>f Ur& rN;|Jes1tK" Tniua. Amer. Invt^ Mlu. Euif,. 
ISOS, [v323. 
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At Routivnatni in S^fidish I^plandt th&r^ is si still Isirper rnftss of 
magnetite, wijidj is claimed, in accordance Trith the descriptions of 
Petcii*Miii nnd Sjogren, to be due to w?gtegntinii from tlie miigniu of 
llic surpoiinding gabbm TUi:? tna.^ »f magnetite is? <jf i-olofsal ake, 
blit it is of no present economic value owing to its high pcrct'iifago 
of titanium mid its roniotc jxisitiou- 

An igmwus origin is claimed l>y Professor Ilbgbom for some snutll 
muiws of tituiiifcroiis magnetite in the inland of iVino. opfxinite 
Sinulsv.ill, on the easteni ccMist of Sweden, 't’liis ensi? is of iiitrrijsl, 
as the siintnmdiiig rock is not 1>asic: it is a nephcline syc-niic, iron- 
taining only ii per cent nf magnetite, which, tiowever. has Ixhjti coii- 
ceiitrotcd in placet!, until some specimeiiB (according lo mi anidysiM 
{|UoUh 1 by Priif(?t«4or libglioiii) contain as much iis Hi jjcr cciil of 
magnetite, !l jicr cent of ferrous oxide, and Id fjcr cent of titanic oxide, 
Tlie Alno magnetites, again, nri' of uo practical viihie, iis they are 
too low in grade tind too refractory in niiture. T nruierstaiul Unit 
about 500 tons of the material have Uicn smeltetl, but willi Tinprotil- 
uldc iX’snlts mid the ii'st of tiie material quarrietl bas l>ceu left uii ihw 
Sibiili;. Wc may tlierefore accept tlio iroii-lHjaring iiiass^ of Ainb ninl 
li( 111 tivalira, as well as that at Taberg, tis ihic lo niHgniatb- r^egregatio!!. 
wiliumt iHiving cOiii^ed mucli as to the igneous formation i>f on>s. 
I’tie prtx.'Cfis ill this ease lias formed rocks, rich in tituniferoiis 
niugiietite, from wliich iron emild lie oblained, liut rocks which tui 
ironinnstcr is at present willing to buy ns iron ore. Whether a basic 
igneous rock is to lie regarileil as an iron ore, nr us only usi'fnl for 
rixul luctaL dcficnds on cost of treatineiit. Tlie de&nitbin of the term 
ore ” is very clastic. Petrogruphers speak of the minute grains of 
niiigiictite nr chromite In it rfK'k as its ores; hut that is a sperijd 
use of the term “ ore.” tlsualiy ore men ns a niateriul u hich can Iw 
prnKtably worked iis a soiirw of metals under existing or praetioible 
iiidustrinl coiidilioiis.* According to this detinitbiTi, the Swixlish 
deposits of titaniferous magnetite arc at prurient doubtfully within 
tlie cutegory of iron ores. 

The fuiiioiLs iiDn mines nf middle Sweden at Dannemorra. Xorr- 
lH>rg. (h-angtaberg, and Porsherg nreur under different giolDgical 
coiiditioiiH; they wtirk lonticlcs or hands of ores in nietiimorTjliie rocks, 
of which some are altcwd setliments; and the view Inis therefore born 
ludtl by do Ijiimay and Vogt that the ores also a™ altorcd «Htiiricnls, 

That ores are formed by igneous segregation of suffiricnl size ami 
purity to be of economic importance is a theory which rests on two 

4Tbi! Hifert] tileitonnry iuIojum n attll muru rMtrteiist tleflnUlnti; aMeoHiiu 
fp It nil ore Is " a eatlve mlueml cenUiliilnR n preeiuiia cr iisefiil mfial in 
HTieti qiinatlty and la sucli clinnleiil cembluuloc as to auiise Us ejitracflcn 
pml} table.'* 
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chief COSOS—ilie nickel orew <if Sudbury in Cunodn nncl the iron ores 
of S^iVcdisli LuploTid. 

3. Tht- Sudbury ukkal oren .—The nickel ores of Sinilmry ate the 
nnic^t iiiij>ortant hiKtorically. Tlicy htivf Ikk’u repeatedly cliiimed as 
of direct igneous origin Uy nell OSSU), Von Fimllun {1S!>2), Vogt 
(l&tta). Harto^r {Iti03), and by other geolngisl«; and hia view was 
advfKittcd Ijcfore the ussoeiation at the Johatmi^'^btirg un'Cting iiv 
Professor Cotemnn. The theory was stonily upiKiscd by Pcjscpuy in 
littmt, aiifl Professor Ikfk in ItWl descrilK^l somo of tlie breccintctl 
ore, and iJiowed that its metallic mifierals are sharply separated from 
the huri'en rock. He held that such ore imist have been fonncfd, not 

otilv after the consolidation t)f the rock, bill even after or during its 

* * 

metiiiiorplijsiiu The vieWH iif Posnphv uiitl Bt^c.-k seem to 
liuvr been e^ltthliKliiHl by uclditjoriiil iiili'rotj4!<>piL’ study of ibe ores 
by C* W. Dickson fllKKi). lie has -bowii x\mi fhe sulphides un? 
scpurated fruni the hiirn?ii rock by Hliurp bouiidnrius^j niui wiUiout iiny 
iiullrutiori of u ptusjsjige Indwifn iliciu; tlmi the fni^ufiits of ore in 
the rock have j^liort corners, when-iis, tiatl sliey grown in u molten 
Tnagtini^ the laiigles would hiiA^e tieeri roiindi^d iiioi the fjicci? corrode^b 
Must of the ore, moreorers occurs m a cement tilling intpr?piKH^ 
l)etween broken fingiiient^^ of hyiTcn rock »nd along planes of sljcar- 
ing, 71ie J^ndbury ores, thercfcirc. uppcur i<j haivc lH?en ikj^osited 
from solniion during or after the brecciat ion of the rocks in which 
they occur, oiid long ufter tlieir first consol I dnt Lon. If Dickson's 
facts he right, lIjc *Sudbury ores lire niH^e^surily injneons and not 
igneoii.s in origin. 

li, Sfi{iHdwt**km mm omi.—'flic other inipoi-ttini iniidng field of 
whicii the ore^ are claimei] rts of igtieutis origin is .‘^wi^lisii Liitdund. 
ILs ore^?^ iii-e rich mid tlie un- lKJtlic«i coIdsmuL f)iir mine, tviriiiiiiviuirii. 
yielded over one and ii hiilf inillon tons of ore in llKHj, iind nrcorrUtig 
to rt recent ngrcenient with Uic Swedi?flh tioFcrnirtenr the annnsil out¬ 
put of ore from tUut Miiiie muy In*, niiseil iu three nil 11 ion loirs Ih' ID1^- 

The chief mining fields of Ij^iplmid, allhougU siMiated to the north 
of tlie Arctic C‘ircle^ have long Ijccn ki3own+ for some of ihem omtain 
Veins of eopjjer which were w^orkiKh for exanipli\ nt Svappiivanrii in 
the seventeenth century. Tlie iron orei% however, c^nld not lie n.sei! ^ 
until n milway hnd lieon kid tlmnigh the sw^aiiijis of l^iphiitd ti> C4irry 
die oiT^H cl ken ply in the fn lR(j2 an ill-fated EnglisJi compuiiy 

liegun ji raihvuy to the (iellivnrw inim^, and thirty years later this wan 
cfiiiipteted across Scandinavia, from the liead of the riuJf of Bothnia 
Qt Luleii to an ice-fnT part at Xarvikj on the XorwcgMin coast. 

'riiis railway, the ma^t northern in the world, passes the two great 
milling fields of tidlivara and Kiriina. Hie mining field of Kiruna 
is the larger and at present of the greater geological intci'cst^ as Its 
structure h simpler and its rocks Ies5 alterccL 
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Till* ore \}oi}y nt Kirurm outcrotis along the crat of ridge 2 miU^ 
long, iiiid it is- continued beneath l^ake Luossajarvi lo the ^mailer hut 
still iiuniense ore luHly of Liioswivuara. At Kirnna the ore ria?3 to 
tlir height isf 310 ft^et above tlie surface of ihc bke. and it vnriej^ in 
thkkne^A from M to ,100 feet, with an avei^ige thickness of about 
feet. Acet>rdiiig to the report hy Prof. Waif rid Peiet^ison,' 
aiilimilteJ this year lo the SwcdMi I*arliameiil, Kirunav aara contaitis 
liOii milliou tons of ore nlHJt'c lake leveh inid I^uosMivnani another 
±!^i Hill lion Intis. 1 he ore hi high grade. According to Limcl^bolmi 
IJO per cent <jf the trial pits showed a ririd vurving from to TI ]3vv 
a^nt of iroiL and 21 [ht cent of them showed a yield of from fiO to fu 
[>er cent of iron. The average of nineteen analyses imtalished in 
Prefes^ior Peterssion « recent reporl gives the contents cif iron os ^U.la 
per reiiL Unlike the I'aberg and Hoiitiviiara ores^ the ijereentngi? 
of titanium is very lou : thus in ninetC€':ii analyses given by Petei^m 
the average of titanic acid is only 0.23 per cent+ utid it varies in the 
sj»eciineiLs from 0.04 to 0.3 per cent. 

Tlie ure lies lictw'tcu two ^ries of aciil rocks, w'hich have been very 
differently intcrpreti’ih hut will no doubt be fully csplaiiuHl by tho 
resea fchea now in progress under the direction of Mr* Lund boll m+ 
Tlic rocks were called hallctlinln, ns by Frcdholmj and regardtul 
11-1 of soilimentary origin. They nn^ now ticcepted as an igneous series^ 
asstMuated willi some conglomerates, slates, anrl qiiiirt3iite.«. Tlie ore 
body itself is bounded on Ixitli sides by porphyrites, of which that on 
the lower or western side Is more basic than tlmt overlying the ore to 
the east. The basic wesster!! porphyrite is in contact with a sodii- 
augite wy enite of which the relations arc still utivcrtalii. Interbeddetl 
with the overlying eastern [^orphjTite arc recks that apjiear to Iw 
volcanic tuffs* anrl l»th in the tuffs and in the upper {jorphyrite are 
fragments of the Kiriimi ore. 

Hirec main ihcoricft of the genesis of the Kiniua ori*s liave Iwen 
pjTiposiKl. Tht*tr sdlitueiitary origin was urged on the ground that 
they ot'our regularly iuterstiiUified in a series of alteml sediinentSt 
and that the ores, therefore^ are als<j sedimentary. This view ruuy bo 
promptly di.smissed, since the ndjareiit rockrt are igneous. 

The Mu:ond iheory has liccn advanoenl indejM^ndcnily by Professor 
Lannay and Dr. Helgi* Rark-stroui. According to them ihe porpliy- 
rites above and lie low the iron ores are liiva Hows, and the ore was 
y. sujierficiul format ion deiJOS'itod in uii interval Ix^twceii Ihe volcanic 
eruptions Accoreiingto t>e Liiunay the iron was raised (othesurfare 
as euianations of iron chloride and iron s-ulphide; the iron was depos¬ 
ited as oxidet and most of it subsequently i-Lnltiml to magnetite during 
I he rnetaniorpliisni of the district. 

- EEjbunjf till niktl. Tret., UiOT, 1 HtkinU 1 Mth. M inifl. No. 1D7, aO- 213, 217- 
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The third thwiry—that the ores are of direct igneous origin—lins 
been maintainetl by Liifsiraiid, Ilogbom, and Stiitzer. According to 
llieiti tlie ores are segregations of magnetiii; from the acid igneous 
MH-ks ill which tliey occur. The segregation theory has Iweii opposed, 
amongst others, by Dt* liBuiiuy oml Vt>gt. Tims, Dc Lana ay mam- 
tains that the segregation would have lieen im[>ossihle in such flui<l 
lavas as the Kinina porphyrites, and is improbable, since tlicro i$ no 
transition between the ore and the linrreii rock. 

The segregation theory has serious dilliculties, and is faced hy sev- 
cnil obvious improbabilities. The ore oecurs ns ti band nearly forty 
) tines as brig ns it is broad. It has the aspect, thercfoiv, of a bed or 
li lode. The oin? has not the granular, crystalline structure of an igne¬ 
ous rock like the hyperite of TalK*rg, but the iisi>ecl of n nintennl 
deposit ihI from sohilion or formed melasotiiiiticiiUy. It is almost free 
from Itlanium, the undesinible coiLSlituent so abundant in the oivs of 
'I jilx'rg and Koulivaaiti. 

The igneous theory can not, how’cver, la* lightly diiintliised. ns it is 
supported by the high authority of Piofessor H%boni, and therefore 
deinaiids careful consitleration. 

It has lieen advanced in two main forms, the one considering tfu* 
ort* to have liecii deposited at the time when the igneous rocks were 
consoliduting, the otln'r considering it was deposHiltni at u later iieriotl. 
According to Professor Hoglmm, the tux* was iwngpiietic. (leiiig n true 
riiaguiEitic segregation from a sTenite. Hut, according to Dcs'lor 
StiitwT (ItKW), liic i=cgn*gatifm was later than the consolidntion of the 
syenite. He describes the lode as an intrusive lianded dyke, of wliieh 
the chief constituents uix* nuignetic and apatite; and tlie injection 
of this dyke pncumatolytieally afhxrted the rocks heside it, producing 
an intemierliate zone impregnated with ore, which he coinparca to 
contact tlrjmsitA.* 

In spite of the high authority of Professor Uoghom, ( ain iMniiiif In 
confess that the Kirutm ores do not impress me as of tgrieous fonnn- 
tion. Their Ix>d4ike form, micro«:opte structure, utid poverty in 
titanium are fculurtis in which they differ from those admittedly due 
to di rw:t maginat it; segregti t ion, The m i eroseo pie sect ions 11 la t I h a ve 
examined suggest thul Mb the magnetite and apatite weix* dc|>OHte«| 
from solution and later than the consolidation of tin* ujulerlyitig 

•'Jn a Jater piijief, of wtilch only a sliort aliatrnct tma Ins’ll tHsiiml, l>i>ctiir 
Hliitscr, hfiWD*x,r, eaptatus tliiil " tbe liitriistoii of tbe ore ilj'Jse wna at n.‘lattvt>ly 
llio wiuH* ttiui* n» tlip formnttiui of llu* syptiltc, ituil tliat tlio «>rt*a wen* furiuijJ 
i,y tuMirniailc M|iaratiotu( iEm »ff«, <>r ns jierfarlnjitiiia niapmiilc Fennmttoua i luaij;- , 
nuitte veins aud bedded vtminiKl." He adds tliat “ taieiiinnmtysts |i1«ye no 
inconsidvriible pTiIo la tlie foriiaiitun nf tbeim* Totias." tiocior RmtiMT'ii tNisttion 
may he aanmiarJml as n'fwnllnpt ilie ores an eolKs-tixl by aecn*iiiitloii, Imi deisie- 
iteit in tbi'lr Jiiwnf iMMltloa by eninth-e after aeiiona.' 
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porphyrik, ti-lilch the ore iti part irpkcra, ^Vn examination of the 
field evidence 5iipporl3 the oonclunions of De Lauiiay and Biicfcstrom 
to the ore being a bedded deposit overlying a lava flow, but en¬ 
larged by secondary deposition. 

FtfTtrfiE SUPPLY OF IBON OHES, 

This conchision is perhaps economically disappointing. The poa- 
sible existence of such vust segregations of iron in the acid 
igneous rocka hais on important economic bearing. There is only 
too good reason lo fear that the chief iron ores are compara¬ 
tively limited in depth; for most of them have been formcil by 
water containing oxygen and carbonic acid in solution, which hm 
l>ercoIated downward from the surface. Ores thm fonninl are there¬ 
fore restricted to the comparatively limited dcplhs to which water 
can carfj^ down these gases. On the theory, however, that tliess ores 
are prinniry segregations from deep-seated igneous rocks there need 
Iw no limit to their depth. They would rather tend to increase in 
si^ downward, while maintaining, or even improving, in rhe richness 
of their metallic contents. For these bodies may be regarded as frag- 
ments of the metallic barysphero which have broken iiway from it and 
revolve 44round it like satellites floating in the rocky entsL On this 
concept ion th<?se ore bodies would Ijo of as great interest to Uie student 
of the earth’s structure as their existence would Ije reasstiring to the 
ii*oiima-ster. haunted as he Is by constant predictions of an iron famine 
at no tlistant date. It is no doubt true tlu±t many of the richest, most 
accc.^ible, most cheaply mined, and most easily smelted iron ores have 
been exhausted. The black-bund ironstone and the clay iron ores of 
the coal fields, which gave the British iron iniluslry its early su^ 
premacy, no^v yield hut a small pro|>ortiou of the ores smelted in our 
furnaces. The Mesozoic beds of the Bnglisli Midlands and of York- 
shiro still jmpply largo (piantities of ore. Xeyertlieiess the British 
iron industry is becoming increasingly dependent on foreign ores* 
So it W'ould be pleasant to Gud that the Searulinavian iron mines are 
not subject to the usual limits in ilej>ih, I fear the typical iron de¬ 
posits of middle bwedeu and of Gellivnra will follow (he gi^nerol rule} 
Imt ICinjna may be an exception, and its may contiuuo far down¬ 
ward along the surface of its sheet of porpbyrlte. The uueeriainty 
in this case lies in the extent of the subsequent enrichment and en¬ 
largement of the bc^l; if most of the ore is duo to ^condary deposi¬ 
tion, then it moy be restricted to ihe tsomparativclv shallow depths at 
which this process can act; and though that limit'will Iric of no prac¬ 
tical effect for a century or more to come^ the ore depo?dt may be 
iiliallow compared witJi gold mines. 

41780 —- jr. 
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The gcolugifiil flV'iiienoe may convun,-^ m tlnil nil lIil^ t^coiiomit:ii]ly 
igiporlunt iron ores aro limili^d to rilmlknvt^r dqjthii tlian lodes of goJdT 
c?op{>er, mid tin; but thin couolu^iuik i^liall noi uiux)!! lue (Jie 

pe^isimistd as to the futEircs of the iron supply. Twenty years a||io n 
paper on the gold su[}|dies <>f the world was read to the association 
lit the rcquei?it of the -Section of Keonomics- About the time that the 
report was issued there were sixiy-eiglit miniiiig companies wiili n 
nonutml capital of £73,000^001) at work iiymi tlie Hnnd, Nevertheless^ 
tljo author, accepting the view that the future of Soiitli African 
gold ruining depends upon quarts veinSj"' eonctnded: ""There is as^ 
yet no eWdence that the yield will lx* suflicietit iu amount to niaterinlly 
influence the world's production - As regar'da India. the prosiwet is 
still less hopeful/^ 

That quoiation luaj be excused^ as it is not only m ivarulng of the 
danger of negative prcdictioit^T but of the unfortunate eonseejuence^ 
that happen when geologists aro unduly hilluenoed in geological quea- 
lions by the opiniotis of thoix? who are uot gtajhjgjstx In economic 
geologi% as in tliooreticaJ geology^ we sltould have greater ronfidenee 
in the value of gutdogicai evidence. Negative predict iotis arc 4 Sjhs- 
cially rash in regard to imn^ it toeing the most abundant and w idely 
dbrtribiited of all tile metals. The geiilogtst' who knowa the amoijiit 
of iron in most basic rocks finds it difficull to realise the pof^lbility 
of an iron famine; he can hardly picture to himself some future iron- 
ma^er complaining gf “ IrotiT iron everywlirre^ atid not n ton to smelt, 
There are reserves of low-grade ond refiactory nnitrrials which the 
fastidious iroimiaster can not noi.v use, since compel it ion rusiricts him 
to ores of exceptional richness nnd purity. When liie latter fail, an 
unlimited quantity could Iw made available by concentration prta^- 
CBse& The Vast quantities of iron ores suit a hie for present inetluiHls 
of smelting in AiistraUa. Afrioif and India show that the practical 
question is that of supplies to existing iron-w^orliing localities, and 
not of the unit^rsal failure of iron ores, 

GmyWQY \sii tmt^r.4tioS. 

The genesis of ores anil the extent of future ore supplies are inti¬ 
mately coruiecteil questions, and the recognition of thiH fact lian; led 
to the remarkable gn>wtli of interest in eoononue gi‘Qlogy\ This 
wddor appreciation of the practical value of uc'udctiilc gtHilogy shoulib 
I rentiire to urge, be recognized among teachei^i by givitig a more 
honored place to economic ge^Jogj, 

It was inevitable that until the principles of geology' had been 
firmly estitbliHhcih the detailed study of their applk^tton should hiive 
been poestponed. Now, however, last t'cntiiry's work on ucadcniic 
geology enables the diHiciilL problems coriiicctcd with the geiicsia of 


GEOLOGY OF THE INN BE EAETU-UBEGOSV. 829 

nictnllifcTous ores to be with iUuniinatin^ jtnt] pmctk'uUy 

useful results. 

British interest in mining education has titerefore been revived. Its 
history hii$ Ijwui sadly fitful. LyeU,^ in 1832, deplored the superiority 
of the Continent in this respect, as '* the art of tiiitiing has long been 
tniiglit in France, {Tertiiany, and Hungary in saientide institutions 
i^stablished for that purpose,” ii-hereas, he continues (quoting from 
the prospectus of a school of niitiea in Cornivatl, issued in 1825 ), 
'* our inineis have been left to theiiLSelvea, alnioet without the assist* 
utK'e of scientific worlat in the English language, and without ativ 
* school of mines,^ to blunder their own way into a certain degree of 
practical akilL 'ITie inconvenience of this want of system in n country 
where so much capital is ex])en(led, and often wasted, in mining ad* 
ventures, has been well exposed by an eminent practical miner ” 

Though the chief BritisJi school of minis made a late start, the 
Iwilliant onginuUty of its professors soon carried it into the front 
rank; but in an evil day for the mining Mchoot it was united w'ith a 
normal school for the training of teachers, now the Royal College of 
Science, and that school by its great success overwhelmed its older 
ally. Those interested in economic geologj' therefore -welcome the 
recent decision to separate the tcchniciiil from the educational and 
other courses, W'liile leaving the schools of mines and science suf¬ 
ficiently connected for .successful cooperation. This ]Mflicy sliniild 
give such op]>ortiuuties for the tenchitig of mining rvsenrcli that wo 
may not always have to confess, as at {ina*‘nt, that British contribu¬ 
tion? to mining geology do not rank as high a? those made to other 
itninclies of our science. 

Regrets lire sometimes c-Vpressed, and perhap? still more often felt, 
at the tendency in scientific teaching to become more technical; but I, 
for one, do not fear evil from any such change. It is possible that 
thcedncationiil conflict of the future will be between academic science 
and technical science, on grounds in some rc.specta analogous to llioso 
lictween classics and science during the last century. The advocates 
of the editcaliotial value of technical science ate not inspired by mere 
in I patience witli the apparently iLseUsH, for they accept the principle 
that the essence of education is method, not mafter. Therefore, they 
claim Ihnt the methods and principles of science can be better taught 
by subjects which arc laiing used on a large scale in modem industrica 
than by subjects of which the intere.st is still purely theoretical- 
Thnsc who fear that academic; science wuU be neglected if technical 
.science l>e used in education may Iw encouraged by the brilliant revival 
of classical research since claaaics lost its educational monopol\\ 
Academic science is even lessi likely to Iw neglected. It will always 
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Imve its fsscination for those ioteilectuai hcrniits—shall 1 not ssr 
thiKn saints of science?—vho prefer to work for love of knowledge, 
free from the worrying intrusion of the mixed problems end fickle 
conditions of the indu^ial world j and the greater the progress of 
jtpplicd science the more urgent will be its demands for help from 
pure science, and, as a nectssaty coiisoquenoo, the wider will be the 
appreciation and the more generous the endowment of scientific re¬ 
search. 

Technical edbeation must!» as rigorous as that in academic educa¬ 
tion, and its connection with the fundamental priBciplcs atiist be os 
intimate. WTien so taught, economic ptoWems provide at least as 
good a mental training »s those branches of science which are purely 
theoretical. If the new Imperial College of Science and Technology 
mrry on the mission for whidi the Geological Society was f ounded a 
century ago, if it inspire its students to have their delight in using 
past discoveries on the open surface of the earth, so that they may 
penetrate to what is within, then they will gain that sure knowledge 
of tho formation and distribution of ores which is of ever-growing 
national importance. 
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By F. H. NewkUh 


fJ^XEEAl. STAl-EiSKjJT, 

TJie Sal ton Sea and its apparantly miraculous growth has gi ven 
rise to intmmerablo popular articles and diseussioos, many 

of which are founded upon misappreLiension of the facts* The 
fallacies of Htaieinent and of ccmclusiorit both as to the origin 
of xhin Sal ton Sea and os to iti^ beiiefieial eff^t upon the gen¬ 
eral dimute qf south w€WTtem United States, are Instil ini erecting and 
amusing. The pUenompim connected with its mpiii iiicreu.^ in miA 
have attracted wide attention and most astonhdiing tales have been 
told ot the sea and of its benefits to surmiindiug areas. At the same 
time a full knowledge of the change which have been and are taking 
place ifi highly imstruetive. 

As a matter of fact tlic is not a sea ot all* as shown in 
PI. I, hut an accumulation of waste water in the Ixittom of a depre^- 
don below sea level. Relatively to a real sea it is a mere puddle or 

duck pond ‘Mn a vasft extent of arid desert, which at one time was 
the floor for a large body of fresh water. It is not a new thing but a 
revival in hi star ie times of what has prohabJy occurred frequently 
in geologic history, Tlie widely advertised effect upt^n the climate 
of the espanded Saiton Sea U practically negligible. Tlic wonderful 
results a^ributed to the sea in increasing the rainfall in the South¬ 
western States and Territories is n case of ^ placing the curt !^efo^=^ 
the horse ” that is to say^ the apparent increase in rainfall thfoiighont 
the West is mon^ likely to have been on indirect cause of the iiierease 
in area of the SaJton Sea than the re verse, 

IXJCATIOK* 

The so-called Salton Sea or Cahuilla l^ke of Dr. W* P* Blake 
is a body of highly saline water in what lias been until recently 
San Diego County^ now Imperial County^ California. Thh county 
is adjacent to the Mexican border lying immediately west of the 
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Colora<lo Rivrn A if not the gnt^ter, psii*! the county is 

below sea levels and the Salton Sen con^^ists of the waste or seepage= 
water which haa found its wnj to the lowest point in the br<jntl extent 
of depressed desert lantlji. 

Ill former giulogic times the head of the Gulf of Califomin ex- 
lendetl about 150 iiiiks fartlier north thufi it does at present. Through 
causes to be later descril?etl the bead of the gulf was cut off, leaving a 
ilepi^^on filled with water but disconnected from the gulf by a 
broad area of low land. This water gnuiiially diminished tlirongh 
evnponiiicm until the country was fii^t discovered by the white 

man there was little if any of tlu? water left in the deept^t pnrt of the 
hasizi} aliciut MO feifl bchuv sea level. This smiill remunnt of water 
by reason of concentration by cva|>DratJoii is extremely salt, so much 
1 HO that a salt factory was established in its iiiargln. 

Its original outline when disw>vered by white men is not accurately 
knowu^ as the shores have such a gentle slope that with the covering 
of salt upon the margin it was difficult from a distance to determine 
where the w ater ende<l and the eoraporatively dry land Ijegain It is 
|) 0 «dble that in mme years the water may have entirely disapijeurcd, 
leaving broad flat plains of white salt resembling in the distance ibe 
waves of an inland lake. 

rEfn^LlAa OlaMJEAPHY, 

The peculiar geographic cotidkious are dctcnniried largely by 
the fact that the Colorado River of the west, dminiug a i^onsider' 
able portion of the arid regions of tlie Uni ten:! States^ flo%ved nut 
directly into the ancient head of the gulf but entered this body 
of water at a point sibont 100 miles below the head. The ex- 
ireniely muddy river, carty'ing the washings from the moiintiiina 
and plateaus of the north, deposited its load of sediment on rcach- 
ihe suU water and spn^ad this out in xi broad ulluvial fun* ultimately 
filling that pfirtiuii of the gulb cutting off the head and leaving it 
as D detacheil bwly cif water, 

Tliv Colorado River, flowing out upon the broail delta of mud, 
wnnflered iu many channelH iil different times, occasionally turn¬ 
ing northward into the eutH>ff portion of the gulf and again 
turning southward into whot is now' the head of the presept Gulf 
of Californin. Tliere arc thus left innumerable ancient cluiniiels, 
smme of them intersecting and nil of them with verj' low banks over 
which the water pours in broad shet^ts in time of flood. 

The channel of the Colonido River^ ns known in historical times* 
and its proper channel a£4 far as political division^ are concerncfl 
has a nearly sontlierly conri*, extending from almut the Iwation of 
the lowrti of Yuma to a pouit iiear the head of the Gnlf of California. 
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But tliia chRimd is by no uicnn£ hy nature. The river resenta 
the rl^ht in time of flood to wuoder ^vhere it pleiises and to apill 
over Us bunks- During tho prex^psa of spilling it builds up ka banks 
and tends to raise the entire country bj the deposit of the mud. 
As the flood recedes the waters? genernlly return to tJie former chan* 
tiels and close, by deposits of mud^ the outlets ivhidi Itave been made 
during the flood season^ 

unstabIhR cxj^i&rnoxs or thk lxildhaixi »iv£ 1 i. 

Tlie river may be considered to be in unstable equilibrluni. There 
is* to the west and noribwi^jl, a large extent of land which is lower 
than tho Ixd of the river, and when the stream occasionally gets out 
of its nortiLul ehaimel and linds one or more of its old cliaiinels run¬ 
ning oJl toward the north or northwest^ its waters nUimately con¬ 
verge toward the depression in which h now located the body of 
water we know as the Salton Sea, Thus„ although nature has ar¬ 
ranged that the rtA^er shall iTtnru nsuiilly to the channel il has been 
oocupyiiig for many hundreds of years, yet occasionally it is permitted 
to wander at will and to discharge some of its surplus waters north¬ 
erly into the ancient lake bed. 

■VVitli these condition.^ of utislable equilibrium^ as above notedi 
it requires only a very little interferenco from man to induce the 
river to leave its ancient channel and to wander away into -soine of 
llie courses piinsiied in its youth. This interference has taken place, 
and as a result we have the rapid increase in accumuJation of waste 
wtslei^ in the sink or depression, this increase being particularly 
noticeable during the years lOCKJ and IDOI. 

CONTIXirAL DAXOERS Or O^'ERIXOW. 

If man will keep out of this ancient basin in which the waters 
of the Colorado Riviir have gatheml from time to time, little 
may he written. If vre go into this depression below sea level 
and interfere with natural conditions^ or, as we say, develop 
tile countn','- we ore broiiglit face to fatse with tJie great forces 
of the river and the uncertainty aa to whether It will desire to 
c^ontinue in the diannel in which we happened to have found ih 
The river may take a notion at any time to restuna some one of its 
former channels and to fill with water the basin lying below sea level, 
and which has always been subject to its play. It holds over the set¬ 
tler and tiller of the soiK nr town builder, the threat that, unless con¬ 
tinually watdied or checked, it may prefer to flow not southerly into 
the Gulf of California but to turn abruptly to the north and swell tlie 
w^atjrs of the Saltou Sea, 
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These old idiftDJiels, some of thvm iDterLwiriing iind scarcely distin- 
guiphftble upon tlie surfnet^ have not- all been traced out, but ii few of 
them UTC so well marked os to have received a dLstinct imme and are 
ehown upon the mapi The laotit nortlierly of these, the one lyhig 
inimediifctely south of the intemational boundaryj b known as tlie 
Alamo* South of this the nest decided channel or series of chajiuelH 
b called the PadroneSi and still south of these b n channel blown as 
the PescaderOy this latter extending westerly to an open Wy of water 
know n as Volcano I^ke, from the fact that it iH smrounded by a num¬ 
ber of very remarkable small mud Tolcanoes- 

Extending nortlterly from Volcano Lake are channels, leading 
through New River, pamileEng in places the Alamo and ending in 
the Sahon Sea- U^ading ^utherly from ^'olcano Lake and from the 
channeb of the Pesos dem is a broad stream known as Hsrdy^a Colo¬ 
rado, one of the largest of the ancient Ijcds of the great river, which 
joins the latter shortly before it enters the Gulf of California^ 

HIBTOHY or llECXNT O^TISTLOW. 

To understand the cause of the recent rapid increase in the 
Salton Sea it is necessarj' to go back a little Into the history of 
the development of the desert land lying south of the Salton Sea. 
Thb land has been knoiiVn for some decades and has had a reputa¬ 
tion of extreme aridity. Certain adv^entnrous men, more far- 
sdglited than others* however, saw the poasibilities of agricultural do- 
veiopuient^ and after mneh negotiation finally formed a company 
which, thi'ough a subsidiary corporation formed under the Mexican 
law\ succeeded in perfecting plans for diverting some of the wider of 
the Colorado River* This was done by a cut in the west bank of 
tlm river in the United States near the international boundary* The 
ditch or canal thus made carried water south across the line into 
Mexico, and then into the head of one of the ancient channels of the 
Alaum River. This company is known an Ujo California Development 
Compniiy of Kew Jersey. Its subsidiary Mexican corporation is 
known as l^a Sociedad de Yrrigadon y Tecranos de la Baja Cali¬ 
fornia (Socieilad Anonima)* 

Finally the water is diverted back Into the United States and is 
there disposed of to numerous corporations of irrigators for the pur¬ 
pose of receiA'ing aiid distributing tho water to the cultivators of the 
soil. PI. II shuvi^s iho limber head gates at what is knowm as Sharp's 
heading, upon Avhidi depends the water supply of the lands of Im¬ 
perial Valkiy. 

The project of m^Iamation of the dfsert was an ambitious one and 
with the capital available was, to say the least, har.ardous^ In fact, 
it is doubtful whether the original promoters of the enterprii?o rea¬ 
lized the great expenditure which would be necessary to make this a 
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permanent succej^s* How-sver, there is mucrL to be commemled in the 
vigor and energy with which the difBcultic^ were met and the 
oi> 5 tacle 5 overcome for the time being. Water was actually led fram 
the Colorado Kiver around the SRiid hilb which lie lilong the inter- 
muJona! boundary and then distributed to the canals of the irrigutors 
covering the desert land below sea level and stretching northerly from 
tlic Mexican boundary nearly to the Salton Sea. 

The very Ixjldness of the imdcrtaking and the novelty of the situa¬ 
tion added to the popular interest, which was stknnlated by advertifi- 
Ing. Thousands of settlers came in and took up tlae land under the 
homestead or de^^rt land acts; the water was applied to the Jields and 
thousands of acres were bmught under irrigation. The success at¬ 
tained was from the liniit notable and the failures were overlooked in 
the general pro^sperity resulting from the rapid mcrease in fxjpula- 
lion. 

THE CUT THU K Or THE EiVEB* 

Under the original plans water was to bo taken out into the 
United States, conducted in a canal nearly parallel to the course 
of the river, but slightly diverging from it, imtil tlie canal 
reached one of the many natural sloughs or depressions which 
led into the Alamo channel. A second heading was made iiu- 
tiiediutely below,the internattonal boundary^ that water could 
Ije taken into the canal either in United States soil or in ^lexiTO* 
The rapid development of the countrj* and increasing demand for 
water and the difhcidties of keeping open the original heading, 
due to the accumulation of sediment^ dnally forced the owners of 
Uio canal to look alxuit for some r^uicker way of getting the needed 
supply to the iigriciiUural lands. 

About tho time that the greatest need of water was felt in the valley 
the California IfcA^elopinent Company appears to have reached its 
limits as regards funds, and with the pressure from the fanners for 
more water, it bocame necessary to make a haxanlous move. It was 
finally dcLermined^ much against the Eidviee of the engineers, to cut 
into the bank of the river and make what is known as lieading No. 3, 
about 4 miles below headings No, 1 and No. 2. This latter heading 
iiffoi’ded a sliort^ quick desceut from the river to the ^Vlamo channel. 

ArcoiYlinglj;, in October^ 1904. what is known os heading No. 3, 
this being 40 to 60 feet wide and 0 to 8 feet deep, was cut Ln the mud 
bank of the river and a small umount of water was allowed to flow 
down, relieving the needs of the farmers. The California Develop¬ 
ment Company did not have approved plans or funds available to 
build head works in this opening, and it was assumed tliah with 
ordinary care and w^atthing, the channel could be kept open just 
fmfficient to allow the needed amount of water to pass out ^om the 
west bank. 
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Witii the next riiic in ilie river, however, tlie fea»^ of the engineers 
were fulfilled. FoUowiiig u ciiprieiouR niootU tlie river concluded to 
go down the vfisy channel toward the Aluino ninl i^ent from dny lo 
dai" nn ever-increasing Good, rapidly eroding the channel. Thi^ coo- 
1 in lied iiiitU* in the spring of the entire iiver was passing by 

an ahmpl turn to the westward down thts Alamo ehanneh spreod- 
iijg out over the loiv ground, and ullimalely converging toward Vni- 
cano Ijake. or northerly into the Xew Hirer and the Salton Sea. 

The old etiannel of tJje river, where it formed a part of the inter¬ 
national boundaty and iit ]ioijiU below, .-^oon became ccimplotely dry 
nod rapidly iisKTittied the ordinary apjM?araiice of the alio vial desi^rt. 
Willows quickly sprung up, and in the ccnirso of a few years, under 
the influence of the winds and rapidly growing vegetatiuu, the chan¬ 
nel would have dUappeaml m a conspicuous feature, 

CUTHKC or NEW- CttASNlir^ 

The water entering through I leading So. 3 flUed to overflow¬ 
ing the natural Iml of the Alnrno. It swept out nertr^ the desert, 
diverging mid converging, foriniiig many streains#, and in places 
L-overing the nearly level ground with a sheet of water which e^c- 
temled as far os the eye could reach* All of the soil of ihia 
country^ had Iweti deposited l>y the wind or by tha river in its preWous 
eseiiivioiii;, and hence consisted of e.vtremely $oii layers of saiiily 
silt or fine tnitd. As ttie water progresseil toward the depression 
filled by the Salton Sea it tended to gather into narrow streams* 
(iiiining velocity with increase t>f sIo|>e, these Ixjgan quickly to estab¬ 
lish for themselves definite lieds liy scouring out the soft matcriah At 
firflt slight falls or riffles were formed. Later these progressed back¬ 
ward. deepening as the wuter scoured out the channel which had 
foniiml in the soft eartlu 

Converging from broad sJjeets, water poured over the edges of the 
rapidfy eroding sill and in some places* as shown in PL IV, formed 
waterfalls coiiiparable aliiiost to Xiagarn in their sisic and in iheir 
apparent height, when compared wiili the broad level plain. These 
falls ill some places in the softer beds progressed backward ai the 
rate of about a mile in three days* Occasionally tlie water would 
htrike a harder lai^er and the rate of progn^ss wotild l>e slcnvcr. As 
these falls retreated Iwickward, forming a definite channel for the 
Abaters, the broad expanse was suddenly draAvn down, and what was 
to the eye a wide lake became ill a few honrs a mud flat, traversed 
by a deep, narri'iw gorgiv a ihousaiid fcct or less in vTidth, filled 
by a foaming torrents 

Sometimes the water coming from Colorado River overflowed the 
fields of the farmers and the grain or alfalfa was overtopped by the 
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muddy flood. The wntcts converging to form the channel as above 
describe<l would dig through the flcitls these imrrc}w, deep gorges, 
m f^hovm in PI. HI. and fon^vcr dc.slroy whul had l>eon a prospermin 
bonie. In a few cases, where small towns had been built, such as 
Calexico and Mexieala. the inhabitants gathered together and willi 
strenuous e-xertioas, working day and night, attempted by means of 
low dikes to hold back the flood and direct its course. \ view looking 
over one of the dikes is given in I’l. TV. In the ease of Mcximla 
the converging torrents, forming a deep channel. began to progress in 
tlieir cutting toward tlie town. Attempts were ma<le by means of 
heavy explosives to change the direction of the back cutting and turn 
it away from the settled country. All this, however, was witliout 
effect, and the wide, deep channel turned abruptly toward the town, 
cutting a chasm, nsahowm by PI. into which toppled, in suceeiaion. 
hoiit^ and Ijams, the railroad station and a large part of the railroad 
truck. 

It soon becamo apparent that the danger of this l>ack cutting was 
not confined alone to the destruction of agricultural lands and of 
houses and deldst but that if it continued it would ultimately involve 
the heads of the canals leading water out to the remaining agriciib 
tural lands. When once the heads of these canals were cut off by the 
retreat of the channel it would be impossible to keep an adequate 
supply ft>r tile valley. In other words, once these headings were de* 
stroyed, althougli there wouhl be a flood rushing down to Saltou Sc« 
through deep, steep-sided walls of earth, as shown in PI. VI, yet Hutp 
would not be any water available on the surface for the crt)ps or for 
the ordinary uses and ncces-sttics of uiati and beast. Mure tliatj this. 
it was readily appreciated that the back cutting, eoutiuuing to llic 
Colorado Itiver, would in time lower the Iwd of that stream, and idlow 
it to drepen nt Yuma to tt iJOiut where it would no ImigiT Iw jiossible 
to divert water by giavity for irrigation in the vicinity of that town. 
Then cuntitilling iipsirvam, it would imperil the safety of the great 
dam being built by the Government across the Colonnlo Klvcr. Tlic 
situation became very serious and alarm was felt for the future, not 
merely of the lands under cultivation in fntperitil Valley, but of those 
11 long the Colorado River in Califoriilu iiud Arixotm. 

IlljOl OF THE SAUTOX SC.I. 

Tlie rapid influx of the entire volume of the Colorado River 
was quickly noticeable in the steady rise of the .Salton Sea, which, 
swollen by the muddy torrent, grudnally engulfed the works of tlie 
New LiveriKHil Salt Cniiipany ami creeping up on the ninchi'a near 
Nfccca. threatened to submerge the main Utie of the Southern Pacific: 
Railroad. 
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Thij bottom of Uio Aink in Xorember^ 1904, juttt nft^r the cut was 
mad^s stood 373.5 feet below mean sen kvel. Tlie rbc dttring Xovem- 
ber and Deceinber of that year was 0.8 feet. Onrbig 1005 it was 
feet* In IWG the water eontinuod to rise and increai^ed Ixi depth by 
49J& feet; but in 11K)T the during of llio lireak to Febmarj^ was fol¬ 
lowed by a dedine. beginiihig in Mardi^ the net fail beingt howeverj 
only 0-lS feeL The level on January 1, 1908^ was 301*13 feet below 
mean tide. 

The following table gives Llie amount of rise and fall by months^ 
together with the altitude of the water surface at the end of eaeb 
year, the principal data being obtained from the report of W* B. 
Clappj printed on page 3ft of Water Supply and Irrigation Paper 
No. 213 of tbe U* S* Gedo^cal Survey: 
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The Jirea of the Salton Sea at various ekv^tious is shown in ihe 
following table preparetl by W. B. Clapp, of the U. S- Geological 
Survey: 
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In Us courec from New Orlenns lo Los Angelis thu Soiitliem 
Pacific system, passing tlirough soiithero Arizona, reaches the Colo¬ 
rado River at Viiiua, which it crosses on a bridge lewding north. 
It then swings westwards and, climbing over a low ridgo, descends 
into* the ilepresdiou occupied in piirt by the Sallon Sea. When 
it reaeiics a point about 250 feet below sea level, it begins to diinb 
out northwesterly through the passes which lend to llio valleys in 
which aiN? situated tlio prosperoua towns of soiithem CnJifornia. 

The iiflltoti yea had only a few feet to rise liefore it seriously 
interfered with tvtiffio on the Southern Pacific. Tlic wind driving 
the waters toward tire railtoiid imperiled the track, and it became 
neccssatw to rebuild it rapidly at a luglier elevntion. ' This was done 
several ilraCM in succession, and temporary track after temporary 
track was laid down out of iuiuiediato reach of the waters in tho 
hope that the floods would subaidc- Popular attention was drawn to 
this increase ill water in the sea, and without seeking the cau^ 
many aiatements were printed to the effect that tiie froeati had broken 
through a crack or fissiirv in the earth and was coining up through 
the bottom of Salt on ttea. The very simple explanation of the flow 
of the Colorado River into lire lake was not accepted by the seekers 
for the miraculous anti many profound theoriK were promulgated, 
defying the laws of geology or of nature in general. 

The Southern Pacific officials, liowever, were well aware of the 
cause of the difficulty under which they were laboring, and finally, 
finding tliat tho California Dei'elopment Company were unable to 
control the fiooths they, by an ugrocmetit dated June 20, 1&05, vir- 
tually took possession of the company, loaning it sufficient Jiioney to 
begin the atteni] 3 t to close the break. They also rebuilt 40 miles of 
truck on lire 200-foot contour below sea level and for possible future 
use graded another line on tho liiO-foot contour below seia loveL 

ClflSING TKE JEIIUIAK IN ritE COLORADO EITEa. 

The histon* of the attempts to clow tire break are exceedingly 
iuterestiiig from un engitiecring standjKJint und ihe sucecssivc failures 
HIV higldy iiLStructivc to ono coiicemed witii the control of alluvial 
streams. An excoUeJit description is given by 4fr. C. E. Grunsky 
in the TransactiDns of tlie Aiuerican Society of Civil Engineers for 
Dodjiiiber. 1S)(}7* 

Iti aU, seven ov dght distinct attempL^ Tvere nmde with ultnost as 
many fiiilii™* Iii eacli case i-iicxsesa was nearly attained,^ but throngU 
fsoine inadct]iuile preparation or siudden rise of the river the works 
were swept away. It seemed as though ihe river were taking a ma¬ 
licious delight in tiiwarting the efforts of dte etigiiieers^ At fir^t it 
was aE^iiined tlvat the expenditni'e of a amount of money would 
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be siifllcient to i:low (he break. The ihrowing beck of the river 
into its original channel was lookc'd upon as merely nn ordinary 
effiHt ill engineering work. however, n.(tempt after attempt 

faileil anil larger a in I larger cxiieiuUtures were made until over a 
million dollars were involved, the Southern t’acihe oflieials iH'gan to 
awake li> the faet that they had a difficult prohleui on ini ml anti 
line which required fur better equipment and preparation llian had 
lieen liefore prtivided- I'inally the sujireiue eiforl was made, and on 
Sgvember i\ lOOO, the break was closed and lUc river forood to 
resume its normal channel to the gulf. 

This condition continuwi for just about a month when, on 'Dewm- 
her 7, IbOtl, llie'river in a sudden rise forced its way under the dikes, 
in tt few hours awepl away ii piirtion of the protecting works, 
passed around the rock datn. and again found Its way tti the Snlton 
fM?u. Than came popular despair. A million dollars had been ex¬ 
pended and there seemed no way of |>ulling the river back again in 
place without liarlng available an equipment and a soin of money 
beyond the rratji of the iHsjple most immcdintely interested. Ap- 
jieals were made to (he governor of California and l>y the governor 
of California to the President of tin* United States, These were given 
prompt attention. President Rtwseveli took ilie mutter up at once 
and hiistened to investigate, Ending that tiie only man who «nild 
handle the situation, who had the eqiiijiment, the money, and the 
fai'ilLties was Mr. E, Ii. Ilarrimtin. the presideni of the Southern 
Pacific Cnmpiiny, who at the same time controlled the destinies of the 
California Development Company. 

At fim. in the pressure of large affairs, Mr. Harriman overlooked 
the fact tliat he was virtually ihr controller of the destiny of the C'alb 
fornia Develoiraient Compuiiy, and through this of the forinn&s of a 
Jorge community. He hesitated to advance more iiioney and wired to 
iho President to this effect. Mr. Roosevelt, in his telegi-ani of Decem¬ 
ber -20 to ilr. Harriman, stated tiiat— 

Tills la a aintter nt snch vital Imiairtunco tliat T wlrti to Nbrnt that there la 
not Hie rtllpLlcat caeiuii; far the PevclotPiinnt Claiii[iaiiy waltUiK jin huiir for tlio 
actloa of the tiovenunem. Ills Its diitj’ lo meet the iircBcnt iltinser Immedlntoly 
iitvd then the (inveninient will take til> with It. iii» it htis (ilreaJy ttiken up with 
Mcxlpi. tlic ijneHtloti of rrovldlnp la pcnanisoat ahii]ie a^lniu the recurreuce of 
the (htuger. 

Mr. 1 larriman’s reply on the same day stated that— 

You pcem (a lx» imacr the ImiirCEailon ibut Hie Cnlllomlii Devclopmont Coni- 
juiny la a SKailhera Pad He enterprise. This Is erroneous. It has uo thins to do 
with this work or the o|icatn^ of the coanl, tVe are not l[iterefil«] In Jto stock 
aud Id ro way control Ii. IVe hove loaneil It some ninney to assist 11 h deallntt 
with the sltimtliiu. What the .^iithere Puclfle Conumny has done wtis far the 
Vrottx^liiii of settlers as well ns of Us tracks, hut we have dctcraihietl to wove 
the trucks to Mjgicr isniimd anyway. However, In vJaw of your wetsea^, 1 am 
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iCtvLii^ nutborlty (o tlip KfiUtliitni PaeJEc i»inet4* in ttu! VVci^ t* proceed nr <iiice 
with uffortB ti> vkmp tUe brisilL inurtinK that i4i& Go^'^rujueot iia soon na jou 
eun ttt-tnirv tlio uecfji^ry €oiiKn>*aliuufll Rctl&n wlU muLst uh wltli ibft btirUftn 

The Pre^icieirt, in reply* said; 

1 iim (IftliurMed to receive j^ur teEpgvatn^ Ilnve at ono« ijtrertcd llio llecJntim^ 
tloa Stervi™ (i> (|W^t Into touch wllti you m tMt as fpowi a* Ccuajjrrt-Ba reu^.^lubU** 
1 f'tiii riH.MHiiiiiL>nd tpslfltntiim which will pn^ ltle airainfrt a n*r*eitt|ofi of thiB dJs- 
tu^Lcr iniil tuJtke proriMSoa for an cfinltnMc distribution of the burden. 

A=i u rci^iilt of thet^j idcf^ms, rcoeiv^i in rapid snccci^^mn. 'Sir. 
Hurrjinuii concluded ugatti to make nw effort^ and on Jiimifiry 12^ 
1007. tiie President, in ncrcordnnce with his proini^, bid die whole 
tuntler Ijeforc Congress. TJie final effort was successful and before the 
Litnc of the spring ffoewJ of 1007 the river had once more been restored 
to its pnajMjr diannel. During the summer u series of dikes were built, 
intended In prevent any im^bility of a recurrence of the danger in 
I hat part nf the river. 


nimeuLTT or cldsuke. 

To one w ho is accustomed to the surroundinga nf the ordinary 
river, the problem of tiimixig buck the Colorado River into its 
former chaimc] may not apl»ear to be a very difficult mutter., But, 
to explain the reason ot the fajhircs in rapid yucf-ession, it should 
lie borne in mind thnt the river at this point Hows over ilcposils 
of silt and fine sand whose character is such that under a swift 
current they are torn up and carried away with wonderful rapidity* 
WHienev'er the channel in any not aide degree w^as fxm fined, the water 
at once began burrow’ing and cutting so that, in some cases it is 
dainied that w^ioden piles over TO feel long were cut out by the river 
faster than tliey could ljc driven. 

ti was a siuijile matter to bring the work of clo^mro: or diversion 
to a point w here it teemed though the river could be quickly turned^ 
but the constriction of the channel due to any rtnictiire resulted in 
increasing the speed of the water and in adding to its consequent 
erosive force to an extent such that in n few hours enormous gaps were 
createtb 

Added to the unfavorable character of the bed and banks was the 
fact tlmt the river seldom remained quiet for any considerable length 
of time. It W'os subject to short violout flciods, especially from its 
tributary, the Giia, These occurring at a lime when the w-ork w"as in 
a critioiil condition quiekly rendered the efforts of the con- 

structors. 

The method finally adopted for turning the stream Wiis ono whosB 
success depended upon liaving ot hand a largo railroad c?qiupitient 
and an enormous amouiit of material which could be quickly trans¬ 
ported. 
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The closure compktfld in December, IfKKi, Hiid tlio closnire made the 
following spring were esscntiully similar Ln plan. Files were dnTCti 
Hcress the break, as shown on Pi. Vn, and upon these parallel litiea 
of railroad were constructed. Two and in soma cases three paralled 
tracks ware thus provided, so that trams could be rapidly o^rated 
and run out over the break, erossing it and having ample switching 

fneiUtiea on tlie far side. j » \ 

When all was in I'eadinesa train load after train load of large 
Stones were run out over the gap and diinil«d as nipidly as possible, 
the effort being to put in rock faster than the river could wash it 
away, A large amount of material was washed down the stream 
for a liundreti and fifty feet or more and the bottom of the channel in 
which the large stone sank was rapidly cut. By carefully watching, 
however, and sounding so that ihe holes ua they formed could be 
delected'and filled, it was fcujid possible to build up a broad low heap 
of large stone immediately under the railroad trestle. 

The chief dilRcnUy was to Bccure a aufficienl supply of stone fast 
enough to fill the gaps as washed out. Tn some cases it is sUted that 
trains of flat cars ioaded with stone were brought from a distance of 
■too miles. Tliey came from quarries located not only on the Sent hem 
Pacific but also tin the Santa Fc and San Pedro rHilroads. Tn fnet^ 
it is stated that even high-grade cut stone eti route for building was 
requisitioned and diverted to fi.ll the need, 

Thu atones used were as large as coulil lie bandied or pushed from 
the fiat cars liy a gang of men or by as many men as could get around 
a stone. In some cases tlie pieces were s?o large tbiit it was ne^ 
gary to break them by what are called “ pop-shots ^ of dynamite laid 
upon the stone while it rested on the care. In this way the stones 
were broken and then could be readily thrown overlKiard by hand- 
The scene nt the closure of the brf?fik was exciting; tram iifttT truin 
with heavy locomotives came to the placd’ and the stones large and 
small were pushed off by hundiods of workmen as rapidly as the car^ 
could bo placed, ^^'hile waiting to get out upon the trestle the larger 
stoiiGS were broken by the ‘= pop-shots. ” The noise sounded like urtil- 
lerv in action. Added to the roar of the waters were the whistle sig- 
tiak the ordere to the men, and the bustle of an army working day 
and night lo keep ahead of the rapid cutting of the stream. 

\,H the rock heap fffiie giadually, it checked the river, causing it 
aho to rise higher and higher and to cascade over the pile of stone, 
Billies were raised and an undercutting of the lower slope nr of the 
rock hrari allowed it to settle and the stones to roll doiynstream. All 
of this undercutting and settling had to be made up and overeome by 


the rapid dumping of other large stones. , -i ♦n- 

It was necessary to raise tlie river bodily about 11 feet, As tno 
water robo and botauiic ponded on the upper ride of tho rock heap, 
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train load aftor train load of sonill stone aad grarei from the nearby 
hills were liiiuiped to fill the spaces between the large rocks. 

Finally^ after days and nights of struggle^ the water was rai^ 
to a point where it l>egan to flow down its former channel and less 
anti less to pa^^f over the top of the rock heap. Then finer material 
was added and rapidly piled up on the Hccmnulated rock mass. The 
low er side of this loose rock dam Is shown in PL YTIIp On the far 
side beyond the rock dam and the railroad trestle is the rivers as 
indicaieci by the steajnlxmt lying alongside of the track. 

At first a large amount of water passed through the rock heap and 
steps were taken as rapidly as possible to close ihe openings by dimip- 
ing sand and gniveL finidiing this work by hydranlicking silt or mud 
over thi* area, and watching thb in with a hose. By thus piling up 
finer and finer material and distributing it^ the seepage or percolation 
througli ihe rock mn^ was quickly checked and the barrier l>ecAme 
effect ivc^i 

Tlie next step after having tiinied the water back into the main 
channe! was to jwrfect the great dam of loose rock and graveL cover- 
ing it up with a inass of earth and protec'ting this in turn by gravely 
so that the burrowdng animals cotiJd not make holes through the bank 
and thus afford opjairtiinities for the water from the floods to under¬ 
mine the finislied work. 

As now- completedT there extends from the head works in the 
United Slates along the river^ between it and the canal, a double 
row of dikes, the outer one being occupied by a railroad. These 
extend in an unbroken line for si miles near the river and 

shut it off from the lowlands to the west The river side of this 
dike is protected by a tliick layer of gravel, and the railroad affords 
immediate access to all parts^ so that if menaced by the cutting of 
the banks it will be possible to bring men and materials to cheds 
the floods from encroachment upon the dike itself. 

Secondarj' dikes or cross levees nm from the main simcture to 
certain subsidiary works, so that if the outer main dike is broken or 
water flows tbrough, this wrill be ponded for a while at least against 
the inner line of defense, thus affording time to assemble the neces¬ 
sary equipment to fight another intrusion. 

The water needed for the irrigation of lands in the Impenal 
Valley comes through the permanent head w'orks in the United 
States^ follows down beliind the dikes in the channel dug for the 
purpose and then pa^^es down the bed of the Alamo, enlarged during 
190t> and IflOfl. It coti tin lies to a point where it is diverted into the 
canals of the settlers as before described. 

The irnmediate danger of any further breaks appears to be done 
away with, although there are rumors from Lime to time that water 
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i^F breaking over the dikes at the head of the Paradones and following 
thb channel is making its way into \'okano Lakej whence some of 
tlie stream turns north into the Sal ton Seftn It I s presumedhowever, 
that only enough water will be takcxi directly from the Colorado 
River to irrigate the land of the farmei^ and tltat no w^ater wiD come 
to the Salton Sea except that which isscapes by seepage from tlie culti¬ 
vated areas of Imperial Yalky, 

EVAPOEATTON FTTOSI THE SALTDN SEA. 

Assuming that the direct flow' of the Colorado River can be 
checked and that no water coim^a indirectly through Volcano Ijake, 
it is possthle to use tlie SuUnn Sea as a great evaporating pan 
for lire pieasurtment of the amount of evaporation in this arid 
region. A knowdetlge of this factor is very valuable in establish¬ 
ing data upon which to place estimates of the amoiuit of water 
which may bo lost from reservoirs and other hydraulic work.^, Tlie 
Weather Bureau is therefore attempting to utilise the Sulton Sea 
for this purpose j and with a knowledge of the amount of water which 
is pasjfing into the sen and by making corresponding deduction is not¬ 
ing from day to the net evaporation or loss of water from the sur¬ 
face, Very deli^^tc ohservntions are being made of the humidity^ 
rainfall^ temperature* and other factors wliich mfluence the amount 
of evaporation. 

ITJTDItB HISTORY, 

It is a^med tiiat the area of the sea will rapidly contract and 
that its waters will faU by loss through evapomtion at a rate of 
fSj T, or more feet per year- The precise rate as above stated 
is one of tbe things on which more dehnite information is needed and 
one which will re^juire careful observation and study to eliminate the 
ixtnditions wdiich disturb accurate meosurementSw 

For many yeai^, however^ tbe sea w'ill probably be a landmark of 
great interest to ibe overland traveler, and while it has no disceriCLi- 
ble influence upon the climate in general^ it will serve to ameliorate 
the condilaon of overland travel tlirough the desert. After the long 
hot Hde^ it IS veri" refresbiug to skirt the shore of tlie Salton Sea 
(PU LX) and glide along in tbe train beside the little sandy beeches 
or across the arms of the sea spanned by railroad bridges. 

The water near the inlet has been reiatively sweet, and fish from the 
Colorado River have come down as far as the lake. The great body 
of water, however, is distinctly galine or brackish and, as evapora¬ 
tion ptoceeda, will become more and more salty. It is a matter of 
conjecture, however, as to whether the sea wiD ever within the life¬ 
time of anyone now living return to it^ former small dimen^ous or 
will afford again a field for the manufacture of 
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The Amount of seepage which -will come from the cultivated 5dds 
can at present only be gitcssed. aitbough with very careful culti¬ 
vation this could be at a minimuEu. With careless of the water, 
however, or with attempts to wash alkali out of the soil there will 
undoubtedly be a considerable amount; of water wasted and this may 
find its way to the sea by surface channek or by slow percolatioE) 
through many strata. 

In riding along the present seashore it is possible to discern with 
favorable light the ancient beaches at higher levels which mark 
the various stages at whicli the water has stood in past geologic 
times. Some of die&e beaches are very plainly marked and in many 
localities eea shdk are found in great abundance. Tlic soil below 
the ocean level is of the character that might be expected in the bed 
of an ancient lake. Some of it h sandy and loamy and of excellent 
quality for cultivation. In other places^ however^ there are vast 
expanses of clays, $ome of these higldy charged with alkali and the 
stiff adoba k not easily subdued for ngricultnie. With patience^ 
skilb and some capital it has been found ]x>ssible to produce good 
crops on most of this land, and, in spite of the higli teiiiperaturo 
resulting from low altitude and low hitittide. modern civilization k 
developing and a high degree of cultivation in attHincd^ The future 
of the valley as a whole will always be a matter of deep interest 
because of the difficulties to bo overcome by the Inhabitants and the 
constant guard which they, like the people of Holland^ must main* 
tain against the attacks of a tirelcsfii antagonist, seeking at the mc>^ 
unexpected times to effect an entry into their hoine$. 






INLAXD WATERWAYS*- 




TVith tlio exception, perhaps, of the subject of national character¬ 
istics, there is probably no subject on which it is easier and more 
tempting to generalize rashly than that of transport* And yet the 
subject is extremely complex. A very great variety of conditions 
have to be Mken into nct^mint in tletermining what is really the most 
advantiigeoiia mode of c-amage for any class of good^. In the present 
paper it b my duty to bring into relief the eonsiderntions of a geo¬ 
graphical ehameter that affect the pnoblem. But that docs not imply 
that Ollier than geogrojihical considerations are to l:ie left out of 
aecvjuiit. Ill no geographical Investigatjou whatever is it possible 
to priK.-eed without any regard to con si derations which must be 
deemed uongeogntphicaL Even in tbe surveying of a country for 
mapping some nongeographical fads are always tacitly, if nut ex¬ 
pressly, assumed its determining the selection of the superficial 
features tluit are to he laid down. Nongeographical considerations 
are still more obvious in determining the degree of importance 
belonging to certain facts of local distribiiticm, U is solely> for exam¬ 
ple, on nongcographical grounds that « high degree of proniinonce 
must always be given in geograjihj" to the study of climato. The 
nature of ibe tiurigeographical considerations tliat have to he tmnie 
in minci In special investigations varies with the nature of the subject. 
The subject of tbe distribiitirm ttf plants cannot be handled without 
regard to facts which belong to the sphere of the l>otanist, that of 
uhimal distribution without the knowledge that belonga to the 
zoologist. 

In considering this subject, therefore, even from a geographical 
|K>int of view, it is nece^ry to begin by |iointing out the more 
important fHcts of a nongeogniphical character that have to be 
taken into account in dealing with the gt^ognjphy of the subject* 
that is to say, in g^howing or endeavoring to show how far the utility 
of inland watexT«?ays jg affected by local conditions and place rela- 

^ rapor reuil hefoire the Beyal Gecm^phrciil ^wSety. FcbraEify 25. IBUT. Ke- 
pribted, bjr ponaJsslDD, from tho Gea^phkol Journal, Joly. t007* 
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tions^ It is :i group of fact^ Qiiit cannot lie railed geographical that 
must determine what luc^I conditions; aod what place relations ore of 
most importance with reference to tlie questioiL 

Xow^ it is fortunate tluit we are in a position to recognize one iin* 
[xiriimt cirf^imstanec that greatly fdmpiifies the discussion. In tiais 
countand in all advanced eonmiercial eountries^r the question is 
iilwiiys discussed) at leitst. avow^ediy, as one of economy. It is not so 
everywhere* nor has it always Lieeti so in our own coiuitry. In the 
part of the Vangtse Itiver where the rapids rM 2 cur, the substitution of 
river »ti-anicr» or a railway for native junks is I'esisted by many 
Chinese on the groijnd that the iiiuncrotis Qiiof^ trackers who get 
a meager thing by doing some of the hardest work in which human 
beings t [lU eugagi;? would thereby l*e deprived of that living. I ihink 
I retiieiidier to have read that tt idinilar objection to new means of 
transport CHiised the Ixtatmen of IjjcIi Tjouiond to break up the find 
litvamboat that wa-S launched on that hike. But we have now got 
beyoiKl tliat Htage« Such efpusidenitions jiitj no longt^ Lakcn into 
account in ihe disscilssion of rivol modes of carriage* The question 
h ojm of economy and et^onumy only. 

But great clidicolties remain* Economy in transport is not deter- 
mined by ihe mere difFcrence in the money cost of conveying gootls^ 
say* from one town to another. The economy to be considered wUli 
reference to traturpori is tliat of currying g^xKIs from Ihe piiice of 
origin to the plncEi of consiiniption—the carriage of coab for instance, 
from the mims; to our hiNirths^ or of wheat from the wheat ticlils to 
our tables in tile form of loave^i, for the place where the loaf is to be 
eaten has an important iniliience in ileteruiuutig wdiere the wheat is 
to Ix^ ground into flour. 

Thoir^c who think mily of carriage from one point to another are 
nuiili imjjressed with such ligttres as these. On an ordinary good 
wagon rosid a single horsepower will draw alxiut 3,000 pounds at the 
rate of 2 miles an hour* mi a railway about 30,000 |anuidH at the same 
rate* on water as iiiiieh «s 200*000 pounds. ^\Tien it k com^idered) 
moreover, tliat the ratio of the paying load to the dead weight ia 
higlier in shj|js and ImaLs than in road and railway wagons^ Ihe ad- 
vantage in favor of waterways seems overwhelming. Vet tht^ fig¬ 
ures are far from settling the question. First, there is the c^msiiler- 
ntion of time. In most casi^s u speed of 2 miles an hour tiikt to be 
1 bought of. Quickness cjf transport is becoming every day more im¬ 
portant. It is obvious that with rapid mcoiLS of trariJ^port u given 
amount of cnpilMl k more frequently turned over in any btrsinetiSH and 
manifestly^ too* this immt lie a jiinn? important com^iileration the 
greater the value that is locked up in the goods carried- Xow, by 
water transpoil. even under the tiHist favorable conditions^ it is now- 
adaj^ more co^y to develop a high $pt^d than it is by land, and there 
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are very few lit land wiiterwiiya tliat olTer those favorable conditionA^ 
StilL spewl is not c<|nail>' ijn|jortaiit in all casea^ Tlio greater the 
bulk of thegoodiH in propoiliun to llieir value, the lieavicr will be aa 
a rule tbe relative cost of earriage* ibe more important^ tbereforeT a 
money saving in tratLHport uharges^ and the le&s urgency to tlmt ex¬ 
tent for economizing merely in time. 

Ikit, further, even in considering different methotls of tmnsport 
[>ef ween two points on which a watenva^' h availabk, it must l>e iTOme 
in mind that great economies in trana|K>rt are secured by currying 
goods in great quantitics. li Ls for this reason that British shippers 
keep building larger and larger numbel's of large sliips and increasing 
the size of those sliips, and Americans keep building more and more 
powerful locomotives for the hauling of long tniinA couitxwed of huge 
steel wagons built as light as jxjssible in proportion to the load they 
carry^ On this ground the utibty of a waterway muiit dcjicxid very 
greatly on its capacity* 

Agaiin only u comparutivcly smoli quantity of good^ can be con^ 
veyed direct by one of transport from the point of origin 

to the place of eonsumption or utilization. They have mo&tly to bo 
tnin.-sferred from one vehicle to another* 'Ilus necessarily involves 
cost. Tlie co«t varies greatly with the nature of the commoditiea 
IniiidltHb but ill all ruses it makes it important to avoid this handling 
as iiiucli as possible. Tn a report advocating a great scheme^ which 
I idntll hiivo occasion to refer to again in this pa[Asr, it is stated that 
“a ton of coal is carried tlie thunmnd miles from Buffalo to Duluth 
for alxnit the cost of shoveling il from the sidewalk into the cellar;”^ 
and tiioiigh I would not Ih' uiiderstocKl to hint that when coal is hau- 
dlotl on a lurgi* scakt the cost of handling approaches the eoe^t of 
Jinally putting it in the cellar^ still this statement is a significant 
reminder of the importance of this element in the cost of carriage* 
The advantage to Ch^rtnany of being a hie to conunnnlcatc by rail 
w'itliaiit break of bulk with all surFoundiug countries e:^ccpt Russia 
(where there is n difTerout railway gauge) can be abundantly Illus¬ 
trated from the commercial statistics of that countjy. Tt was to 
secure ibis advantage that great railways were huilt across and partly 
through the ^Ups, and the numerous trains to Imj sk'h even in ecutral 
Italy (how far south 1 can not say from tny own ol>scn*ation) contain¬ 
ing wagons that have come, if we may judgt^ from the inscriptions 
on them, both from Ausiria across the Brenner and from iUg Rhine 
valley through the St. Gothard, are a speaking illustration of the 
same thing, Tlie St. Gothard tunnel had a very speedy cfFeet in de¬ 
veloping a trade, even in heavy iron goods, l>eLween tkrmany and 
Italy, and German coal has been carried into Italy as far os Milan, 

^TIiIh Ifl no The averaBe ftvSj^ht for harU coal frona ButTalo to 

Dalath la 1W4 was uhuut Ik Cd. ton; to 1905, about la. liM* 
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though wh4i';tht'r Elmi trudc is still fziirried ci}i T lim unubli? to ^ay. 
Tlirtsugh tlie muTti^y of the Intercontinitital lliiilway Company and 
of iln Emeiit dfl Ri>ftukovvriki^ author of The Channel Ferryt*' an 
extreniely into reciting and instructive work written to advocate carry- 
ing on trade without break of bulk betwocn this oijuiitrv and the con* 
tiiient hy a method not open to the obiectiotns urged against the pm- 
pof^ed Chunrifl tiinneU 1 am able to il hist rate Shis important point hy 
ssonie lantern filldf^ whieh^ I thiiik^ will s{jouk largely for theiiiiielvea. 

TJie first shows how the trade in iiiiiK>rtt»d meat carried on l)e- 
tween f^nuthatnpton and London. The meat j on Ijoing taken out of 
the importing ^hipf is transferredt not to niilway trunks, Imt to lorrie?^ 
or road wagons mouJiti^l on the trucks. Each truck is capable of cur¬ 
led ng 10 tons, but ns the pair of lorries has a Aveight of iKtAvccri 3 and 
4 tons, it is clear that there must thus Im* a consideralde addition to the 
dead weight banlcfL even though the trucks are reduced to a simple 
pIiElfortii mounted on wheels^ and on the return journey to Souiham[)- 
ton the Avhole train is dead weighty as no suitable fiidglit for the carts 
can \m found- Yet the men; savdng in handling has caused this mode 
of transport to be carried on with satisfactory results to the company 
fur about seventeen years. 

My second illustration is one of a channel ferryboat^ such as was 
familiar to me in my boyhood in the early sixties ns plying ladAveen 
Graiiton and Burnt island under the name of “ lovlatimnsi,^^ The 
width of the crowing effected by those boats was only 3 miles, but 
since then the same method of transport has been adopted for cross¬ 
ings up to Pfi mile? (the vridcst l>e]ng from Lndington to Jliiwau- 
kee, on I^ke Michigan), The present view shows the Solnnc on the 
passa^^* fruin Oakland to San FranciscOj a boat which carries on its 
four rail tracks twenty-seven passenger ear^ or forty-two goods 
Avugous of the ordinary large American tj^pe, 

ITie thinl ill list ration shows the method by which the trucks an? 
landed on the ^Yarnelu^lndc-G^edi^r mute betAveen Germany and 
Dunimirk, opened on October L IMB, with reference to which I am 
able to give some particulars of direct siguiheance regarding the 
subject now' in hand. In the first place^ I am informed that the 
wagon niarked ^ Breslau ” actually canic from BreslaUj a distance of 
ftonu! miles from Wamemundei 3T5 miles from Gjedser, arid 4B0 
miles from Copenhftgen^ for which it was not improbably de^tim^. 
Kow, if It Avas for Copenhagen, that was a journey on which an alb 
water route was available^ first by means of a river accouitnodatiiig 
boats of 400 tons hiirtlen to Stettin (B05 miles)« and then by seagoing 
TTi^scl^. Vet ilie rail route wjus preferred. On one occasion on which 
Mr, E. dc RodakoAVEki accompanied the trainn. only sis minutes 
ekpECfl between the arrival at Warncinunde and the departure of the 
steamer. The goods carried on that occasion w^ei'o chiefly angle 
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iroHj nnd 1 nm lufuriiKid \>y the London dgimt (^f tho liitercontinejital 
Knilwa)'' Coitijisiny thiil in tlie ih-^i nine nKOitlu^ after tlie o]^iemng of 
this route 14;,000 trnckit wild 00*000 passengers were conveyed by it; 
and sim^ train ferries were first opened for tnilfic in Dejiniark^ many 
new industrit^ have been developed to a considerable extent* and 
heavy rimehincry, glassware* etc*, which in former j^enrs were ini- 
{oirted into Nor^'siyt Sweden* and Denmark from England^ are now 
being sent from Germany on the ferry stearners. 

IL is the bilance of advantage dcterniined by the two conriderationa 
mentioned, the i^conniny of carriugi’ on u large and that arising 
from the conveyance of goods as directly as {lossiblo frenn the place of 
origin to their dcHtinatiori, tlmt deieituines in riiany cuse^ the inode of 
Lrattspurt- It is tlie advantage of trunspurt on a large scale that causes 
from 40 to 70 [ler cent of tlie pepper^ 50 to €0 per cent of Uie rubber, 
and large proportions of a great many other arliclea imported into 
this country^ to be reexported as tliey arrive^ lliat causes raw cotton 
(Egj^tian) to be always one of the leading exports from this eoun^ 
try to the United States* and causes Belfast to export directly to for- 
eign countries (or riither to one foreign country) a greater value of 
niw cotton than all British and Irhh gt>ods (inchiding ships) pul 
together* On tlic other baud, to illustrate the advantage of carrying 
giHMjs as directly ns possible from die place uf origin to their des¬ 
tination, 1 may zuentiun as a typical cose that of a paper miU w'tiicb 
I remember to have existed near an east coast fishing station, not im¬ 
portant enough to be entered in the tables of British potisT which 
got all iti* supplies of China clay oiid esparto in small schooners en- 
UTiiig the fishing harbor after voyages lasting for weeks from Corii- 
waU and Algeria, reapcKitively. The goods were thus brought witluii 
carting dlstarice of n mill wdilch eonld use the entire cargo* To take 
a case more immediately cognate to the subject under consideratioiu 
Llie same reasrjn explains why so niucb English coal for domestic 
use is carried long distances by rail in comparatively small wagons. 
It i^ in tliat way, and probably in that way only, that convenient lots 
of the different qualities of coal rwpiii-ed can be broiighi tlirect from 
the mines wit bin easy carting distance of everybody's cool cellar. 

Now let ns apply gencml conrideralions on the subject of 

transport to inland woterwup and the gwigrapbicjil conditions affect¬ 
ing their utility. 

It will now be manifest that inland w^aterways are likely to be most 
effective in ^fecuring trulfic— 

1. The greater their capacity. 

2. The greater Ihc distance for which they permit of that ecunoiiiy 
LB transport wbidi is due to easier haulage or proptilsion. 
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3. Thf' more direct they are between any two points Iwlweeii which 
there is a compeliiig means of transport. 

4. The more favorable they are to rapid haulage or propulsion, a 
eondition which, for the sake tif cleamesfi, it is well to discriminate, 
even though tiie advantage tmcler this head is almost inevitably asso¬ 
ciated wilJi high capaeity. 

5. The freer they are from sjidi differences in level ns necessitate 
the use of locks or oilier lifting and lowering contrivances, this being 
important, not merely in consequence of the Ioes of time in locking or 
otlierwise changing the level, but in conaeiiueiice of the additional 
expense, whidi varies with circimistances, being in many rases en¬ 
hanced hy the ncccsiiiy of supplying locking water nrliticiiilly, or 
by the impruelirability of mahhig locks of large capacity. 

* €>. The smaller the iiiqjcdiments to niivigation due to rapidity of 
current, or tlie occurrence of low or excessively higli water, or ice. 

7. The greater the amount of commodities, at once heavy and bulky 
in proportion to their value, procurable at some iminl or points on or 
near the waterway and coimumed at other points similarly situated, 

6. The lisa the expense involved in the handling of commodities, 
including any exisenst's arising from damage or the risk of damage to 
the comiiKKlitieJi. All kinds of coal suffer more or lci« in the seiere 
handling involved in the use of waterways, but the softer kinds, of 
course, suffer mofti. While there is an enormous trade in coal on the 
Great I,akes of Xorth America, coke, it is said, will not Ijear this mode 
of iraiLsport at all on account of the damage involved- Earthenware 
and glass may be conveyed undamaged in spite of the rough hand¬ 
lings to which they are e-vpcaed in water transimil, but the extra care 
required in packing adds to the expense, and even then the risk adds 
to tire insurance, 

9. 'The smaller the opportunity there is for railway or other com¬ 
petition. Railway competition is particulnrlj' formidable, not only 
becuti!^ “ the hard smooth road “ (to adopt the description which 
Trutessor Jevous applied to a railway) allows of far quicker trans¬ 
port. than can Iw effected by any ftther means, but also liecau-se rail¬ 
ways witli their numerous interroniiEcations offer the possibility of 
iTBnaixirt without break of bulk to a much greater extent than any 
system of inland waterways can approach. 

' If time permitted, illustrations miglit be given of the specml im¬ 
portance of several of these factors in promoting the use of inland 
waterwaj's; but time does not permit, and 1 will only say that it 
iieems to me, from the examiniition I have given to the subject, that 
if anv one of the nine can be singled out as the most decisive in 
furthering inland water traffic, it is the seventh—the existence of 
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great quant iiSea of bulky pnuliice to l)e taken up and delivered at 
jnclividuaJ points on the isaine or a connected viaterway^ And yet, 
singularly enoiigli^ by far the most inipf>rtanl article of commerce 
cm lUti nioit magnificent sj'siein of inland waterways in the world ia 
one of value anti sruall bulk. 1 refer to the rubl>er trade of the 
Ainassuji. which, it rnoy be remarkinlj is a water trade solely licciiMse 
therti is t(X) littk opportunity in that region for tnide in btdkior 
commodities to jtuitify the introduelinn of railway compel it ion. 

In order to realiste the possibilities of inland water traflic it will be 
well to exaniine in tlie light of the foregoing consider at ioiis what has 
actually lieen done under some specially favorable conditions. I'or 
i]m purpose I am able, through the courtesy of Messrs. Longmans, 
Green & to show- a map of the German waterways,'’ which to a 
large extent speaks for itself. It may Iw iidderl that the improve* 
ments sanctioned by the act of April 1, 1005, are intended to pro¬ 
vide waterways on nil the sections indicated w'c^i of the Oder for 
barges of BOO tons, on lliose east of the Oder for barges of 400 tons. 

Of all the waterways shown on this map there is probaldy none 
more worthy of study than the Rhine. It has peculiar advantages 
under nil the heads mentioned except the last, and there is ^?□metflin^g 
to be said on the last head ali»o, that is. with regni-rl to the nature of 
the competition it encounters. It is (1) capacious enough to be regu¬ 
larly ascende<] by fairly large seagoing stenmers as liigfi as Cologne, 
by smaller soagiiing vessels as high m Reiiiugenj about midway bo- 
tw'een Cologne and Cohlenz, and occasionally as high as Ol)crliihn- 
stein, on the left bank of the Lahn al>i>ve Coblenz, where they go to 
load with mineral water. Since the improvements in the gorge at 
liingen were completed in 1S99, barges of more than ^J,000 tons have 
been known to reach Maiiiiheimi and those of 300 tons can reach 
Strassburg. (>3) The distance of Mannheim from Rotterdam hy 
water is 351 miles. Tlie river in a large part of this^ stretch is {^} 
remarkably free from windings. The river distance is only 41 miles, 
about 13 per cent, greater than that by rail. (4) Powerful steamers 
can be for carriage or haulage. (5) There arc an locks as high 
lis Strassburg- the present limit of Rhine navigation. There is only 
one to Frankf 01-1 *nn-5[ain. (G) Belnw Slrasshurg the mpiJity of 
the current of the Rhine offers no serioiLs hindrance to navigation, ox- 
t*e[it perhaps in the narrowest pari of the clianiicl at the gorge of 
Bingen, though it i.^ everywhere sufficient tti make a marked differ- 

a WiUi Tcpartl to the tYaich uat] BDlglau wnterwayit tn this huuj, U 

fthoiiM bv stated that tbnsc clrnwti in tlitck Haeft are thasc whh a lutatnnmi 
lieiitli of 2 meierEf aud that doi all ol tlicse are aavl^ted by hiti]^ of ua much 
ju^ ^ miLfl. 
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ence iK^twwn the rate ftf np^ntmim and ilowni^t ream navi^tion," The 
geo^fDiphiciil GonditioiiJs ai^KJ Lend to reduce the mterruptionf^ lo navi- 
g;itioiu from irregularity of Uovr and froni ice. The fact that the 
upper Rhine is partly glaeier-fed and lakc-regulnted tendi* to limit 
the variations of high and low water, and the werslerly =5itnation of 
the river is aguini-t its freezing. Acc-ording to an official piihlication^ 
ilie iiiivigatJoii of tins river ” is, on the nverage, kiTuinally internipted 
by high water for 9 days, by ice 17 days, by low water 17 day^t hi aU, 
aMor^lingly, 432 ilays.-''^ (7) At the mouth of the Rhine is Rotter¬ 
dam, a world fjort, and accordingly a great coUiMiting point for all 
kinds of itommcKlities, bulky and odier. On the lianlcs of the river 
witliin (Germany, up to and including Strassbiirg, there arc ten wm- 
niuiics with a population exceeding 50.000, ^f diesre with one 
above 100.000, and to then? niiiy lie added Frankfsjrt, all great eon* 
sumiiig centers a I least for imported grain. Further, the river 
actually dividcijs, below the [xiuit to which seagoing steamers regit- 
larly ascend, She most proiliictiye coa! field on the mainland of Eu¬ 
rope, and this fact creates a demand for ciiortnouK quantities of im¬ 
ported ores. (S) Among the cnmiueiditieii grain is one that notori¬ 
ously can he handled w ith peculiar facility, and ores, too. arc com¬ 
paratively ine 2 £|iensive to handle^ The (lerman coal is, indeed, nmre 
likely to be damagesi by hiindliiig than the harder English cool, but 
this is not enough to invalidate the overwhelming advantages of the 
Rhine for a trade in coal of 1oc<d origin. 

Thci^c coiLsidcrations may serve to prepare one for the figures given 
below, stating in thousands of nietric tons (each 2^^ pounds) the 
total traffic on the Rhine at Einmeriih, dose to the Diitch frontier, at 
the adjacent harbors winch serve as the outlets of the Ruhr coal field, 
and at Maivnheim, the tertniiml point of navigation for the larger 
craft. 

Sflme Uetatti mar >Titer-e*L Tbo avempe speed of a train of four 

tmrgc», carryine Sti nn about 4,oo0 louii. Is j^lvea at ^ ta a| miles iijistreaia aa4 
n to 11 miles down. When Uig necessary ntebl firsts arc? allowed for, Uae loyaife 
fr^tn Bottcrdai]] to Mawiaeliii Ih made In sttminw la fraiu S to 0 days, la winter 
in ftum 10 to 11 days; that from Mannheini to Botletdani, In eliher case. In 
about 5 dsy& Express steamers^ stopping at Ic termed In to stations, as- 

eead from RotterdEini to Cfilopno {IPO allies) In atsoat 36 hours = B.O miles ati 
lifkur^ unci deBcend on the return voyage In about ID hours = mUes no hour. 
On the rare oecasIoDs on wMlcb a loiij^ voyage is made without stoppopos, a speed 
of 5.3 hilM rtTi hour may nttnlaed In’twiN.^i Cologne and Maonbelm (101 
tuLLeaJ p and one of 13.7 mllea an hour between Mannheliu and Ckt]Qgne. Xu^, In 
'■ I>Se J^hlffahri der deutwhen Birntae/'' herrtMsgt*ifetHfti vcitR Verolu fOr Social- 
tH>Utlk (Tjell^tlg. lt)03) . toL S, pp. 142-113. 

^ Ja^miundf “ Hie Arbellen der niielnstTom-BauverwaUmia von 1^1 blta 
p. M; quoted by Na&se lu Iho worh JukfL dtud* vol. 3, p, 133. 
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For the fHtke of comparison. It may Ix' mention^jJ that the touU 
quantity carried by the Manchester Ship Canal in 1 P 05 ’ora.s 43260,000 

tdUs. 

And now let us see how the^ totals were made tip, Iti 1905 the 
quantity of iran and other onss that passod iijistreaiii sit Emiuerich 
was 5J152iOOO tons; that of wheat and other in'niJis of the tejnfK?rftto 
3,2 h“jO.OOO tons~in all 8.t502,000 tons^ lenvingr only 3/J30^000 for 
all other coinmoditi 0 & Coal made up more tljan half the quantity 
ihat passed down. At Ruhrort* etc., coal lunde up r>J9iD,000 tons of 
the 0^72,000 tons sent up and 3,492,000 out of the 44:25,000 tons sent 
ilownstreoiin At Slaunheim coal and ^rrain together constituted 
ueorly two-tlnrd-s of tlie total quantity iweived. Tlie quantity of 
goo<Is senfr downstream was comparatively small — 4JGO,GOO tons, of 
w^hich salt formed the uifist iiuportant item. 

It ia instriEttive, also, to note some of the cominodilica ^^^lL^ 1 ed by 
water in smaller amount, and for that purpose 1 have selected four of 
the raw materials Bccording to the clarification of the offlicial rtqiort 
on the inland waterways of Germany, In tliis ca^e T hove token the 
Rhine and the Elbe together as the water uvimuos to the chief manu¬ 
facturing districts of the empire. 

tarjiortjr fa iOiW fa 0/ fflcfrfr font and uar dcslmat of a ihotuQuid 

irff/i the pcrcenl{i^f\ ir^l^cr ftf ike total faiporf. 
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The only ono of tlie four of which n largo proportion i» carried up 
by water is flax and hemp, and this may be accounted for in tao 
wny^—hr^. by the fact that this is much the lea^ valuablo of tho 
four in proportion to its bulk; and, second, that the £lbe, by a'hicb 
the bulk of the import takes place, carries this commodity such a long 
distance on the way to the chief seats of manufacture in the eastern 
part of the Kingdom of Saxony, the adjoining districts of Silesia, 
and the Austrian province of Bohemia. 
































fNIiAKP WATERWAYE—CH1SHCH.M, SST 

Tlie Tfater traffic of Berlin is tilso instructive. At last census the 
population of Berlin was upward of 2,000,000. The city is connected 
l)v waterways with the ports of Hamburg and Stettin, and upstream 
with tlie river port of KoscI, in the vicinity of the Prussian coal field, 
which ranbs next in imiiortance to that of the Ruhr badn. The Ham¬ 
burg route has been navigable since 1894 for vesscL} of ROO tons bur¬ 
den. and on that route there are only three loclis- Tlie waterway up 
to Kosel has been available since ISDT, in ordinary states of the river 
Ofler, for Iwrges of 400 tons. Owing to the comparatively fanall 
depth of the Finow canal, at present 4i feet, and the number of locks 
upon it, 17, the Stettin route is the least comniodious of the three. 
In 1905 the total quantity of goods, including floated timber, deliv¬ 
ered ut Berlin by wntcr, was 7,3<>4,000 tons; and it is noteworthy that 
the toiul qtiantity dispatched was less than one-elevcnth of that, even 
though the shipiwrs must obviously have every itidneeiiiciit to take 
return freight at the lowest pcssiblc rate. Of the gootls delivered, 
those entered under two headings: (1) Bricks, tiles, pipes, and oQier 
Hrticles of linked clay, and (2) earth, loam, sand, limestone, and chalk, 
miide up more Ilian 57 per cent of the total. These commodities are 
almost entirely of local origin. Tlie third commodity in respect of 
poroentiigi^ is coal, find the addition of it brings up the total proixir' 
rion liclotiging to the find throe commodities to nearly T3 jier cent. 
The coal is partly Silesian, partly English, but in spite of the advan¬ 
tages afl"orded by the Oder, in 1901 only about SR per cent of the 
Upper Silesian coal sold in Berlin and its suburbs arrived by water.® 
In recent, years the quantity of English coal reaching Berlin by 
Stettin and the Finow canal has liccn greater than that arriving by 
water from Silesia, in spite of the inferiority, and conssequenlly greater 
eJipense, of the Fiuow route ; one importent difference in favor of 
the Stettin-Finow traffic being that the English coal necessarily 
arrives at the waterway in bulk, and has not to be brought down to 
it like tho Silesian coal from the several mines. The coal brought to 
Berlin from Upper Silesia is chiefly for use in the large works along¬ 
side the waterways. For the reason already indicated, domestic coal 
comes mainly by rail, Tlie same reason that keeps down the propor¬ 
tion of coal using the waterway from SUesia to Berlin causes the 
great bulk of the Westphalian coal that coiue-s to Hamburg to go by 
rail. Even the opening of the Dortmund-Ems Canal, which was con¬ 
structed expressly for the purpose of providing a water outlet for the 
coal of the Ruhr basin, has done little to develop that trade. The 
total quantity of goods carried down that waterway to the port at its 

^ * I>fe StiPnao^Ki Im deatBGlM?ii WtrLBc^haflul^bsii wiUa fetid sicr Jolire, 1600 
^er BimO, Mfjatab uud Els^alndasUle ^Ldpolg: Dtiucker & Hamblot, 1003}^ 
p, 1^7* 
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iiickiuh {Eiwleij) in liHM was just nndrr inO^OOO tonsi of which ^>7^000 
ton-s WHS coal; in 1905, 224^000 ton& carried down, laf which ri3,000 
iciis was coh), Upstceaiii fruiii Eindcn there in 1905, 415^000 

tons, of which 258,000 tons consisted of iron ores. 

Those who advocate the improvement of existing waterways and 
the constrnciioii of new ones very often lay greut s^tress on their value 
as a means of carrying hxal agricuitiiral produce tmd manufactured 
goods specially for export. It wilL therefore, !>e worth while lo 
consider what is achieved by the German waterways under th^ 
heaids. For the considoration of the efficiency of waierwiiys as car¬ 
riers of agrictiluiriil produce, Genuaiiy affords no l»etter subject of 
study than Ihe gi^^at consuming center of itcrliri. Elaborate tables 
drawn up in a work already quoted, wrilien iu the intere^ uf the 
(terman waterw'ays, enable us lo make comparisons on this head. The 
raw agricultural pr^wiiictsi mosl largely eaiTied hy water to Berlin are 
the chief bread grains of Gertnany, rye and wdieat, and, ou the average 
of tlie year^ 189ti^LSi)D, alx>ut CiJ piT cent of (Jicso were received 
by water, and about 31 per i^ent accordingly by rail- But nearly 
all this was foreign grain collected at the seaports. A diffcretit tale 
is told by the figures rehiting lo imtatoes. In 19D9 the proportion 
convoyed to Berlin by water was less than 2 per cent* In fact, on 
cxaminaiion of the data regarding the trade in agincultural products 
giUirraUy bears out the truth of tlie general statement mado in the 
work j 11 ,^ 1 . citerl,* LliAt ^Hhe raising of agricultural protlueta always 
presupposes n relatively extensive area <if production, and is thus a 
decent railiceil industry, on which account, in the great majority of 
cases, it is only the I'aLlw'ays tliat come into consideration with refer¬ 
ence to their trunsportp^* 

Of manufacture articles Carried by waterwaj-a, the only one of 
importance as reganis quantity, except on the Elbe, on whose banks 
there are large centralised industries iioucemed in the refining of 
sugar and the manufacture of fertilissers, are iron and iron wares, 
Now*, in 1905, of the raw and scrap Iron conveyed to the seaports or 
across the German frontier, only about 25 per cent was carried by 
water, To per cent by rail, and all but a small fraction of the quan¬ 
tity carried by water went by the Rhine, that carried by the Dort- 
muud-Eius Canal being utterly insignificant* Of the iron and steel 
manufactures of ail kinds similarly carried* Che share of the water- 
WBYH was about 40 per cent, that of the railways CiO per cent, and in 
tliis case again the share of the Rlune ntade up the great bulk (more 
than 95 per cent) of the total water-borne traffic. That of the Dort- 
mund'Ems Canal was little more than 2 per cent. 

■ ^Dle Scbinaiirt dcr deutvehra StrCme,' voL pp. 135 and 2118^-245. 

6 VoL I, £L 1B2, 
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So fur >vp liave eon^i«lpn=nl only tlip nfully effective wfiterwftv^s of 
Gufiiiatiy, blit somi.' of tlio loiiior uiics ufii tilsf) worthy of u t tent ion, 
For eiciimplc, there is the tfikbrnted Ludwigs Caniil, a nitUirwity 5 
feet deep, roiineetlng, with the it id of other watenvajs. lUc Kliine and 
the T>Hniil>e, Whnl docs it dii* It carries on a trifling and dwin¬ 
dling ntu on iit of trtiflit;, cluelly centered^ as is nalurtil, at Xim'ndjt'rg, 
where, in inor), the lotnl qiisnlity of goods receivcfl and dispalchod 
by it ill SHitli directioTtP was much under nOJXH) tonrf^ At Kellirim 
this cun 111 passed into the Danube 4,<>3T tnii3 cif guuds^ chiefly lindierj 
from the DanulKt toward tlie Main« 07H tons. Tiian there is the Kuhr, 
which flnwH tJie great Uerinan coal field to the Khirie, and 

can Uike barge* of lOij toiis—that is much larger thati the great 
majority of Knglidi watersvays. In tlii»^ c^nse ii is worth while iiut- 
ing whiil it oiicc did, as well us what ii now doe^i. In l^<^0 it carried 
in all tuiw of gCMal^v of wldeh ci>al made up fit>8,0OU tons. In 

l\}Oi> it ciiiried 14 ^ 3 ! tonsj^of wtone downstream, and nothing up. 

Tlie Insult wins flue to railway competitioTu wliidi comes under tlic 
ninlli of tlie geographical consiileniUon.s almve eminicralcil as a licet- 
ing the iitililjt' of waterways. And now it may 1 m* remembered that 
I his h a subject on w hich,, I have intimntccL something remained to 
be said in connection with the trailic on the Khinc, ^ITitit traftic is 
carrietl on ngainst a good deal of niilway competition. In the nar¬ 
rower part of die Rhine valley there is a double lino of railway on 
either Imiik of the river, and tliere ure nioi'ii milways nmniiig lit the 
same direction Uiglier up. But the competition is not equal, I mean 
not l>aseil solely on the inoritfi of the two metiiCMJs of transport. For, 
in the first placcj the (German state railways are admittiHlly not 
worked on the principle of offering the most eifectivc oppoaiLioti pos¬ 
sible to the waterways; and. on the olber hand, the states adjoining 
the Rhine have .spent some £3,000,000 in bringing the navigation of 
the river to iEs present ccmdilimiT and have handed over the river to 
the ^hippeiN^ free of toll And yet even under thei^e conditions some 
of the sill Piling comjjunics in a recent period bad very Iwid times. In 
1002 eight out of nineteen companies paid no dividend. In 1008 four 
paid none. Under the recent art for the itiiprovemenl of the waters 
it is der-larwl tliat when tlu^sc impravenicnLs art' ciirricd out, or rather 
when thfi Rlune-Wi«?er Canal or a section of it has lK*en brought into 
operatton, all those rivers on which the sdate has spent money in the 
interest of the navigation shall be subjected to i^ucb tolls as shall 
^r'n? to pay a suitable rate of interest on I ho out hi}' and something 
toward the amortization of that outlay. This enactment has caused 
many of those wdio indst most stoutly on the advantages of water 
traiu^port to cry nut wutli dismay that the rivets will not lx? able to 
^and fmcli a bnrdeiu “ For the human soul,” .says George Eliot, “ b 

2T 


4l7St>—(W: 


3(50 ANSt'AL l?EPt*BT SSTlTHSOSrAN ISSSl’ltUTJtW, UWT* 

lKi«ipitiibl<>t nnil will ciilertaiii condicting schiititentTi niul conlnulic- 
(.ory opinions with nnich impart’mlity,” 

Let us now turn to America. The es[HfrieiiLTe of that part of the 
world is not without instruction for ns, even ihoiiph the condilions 
imiler ivUidi most of the inland water tradic is there csinied on are 
even tiitnn unlike (hose iti our country tlmn the cfHuUtions in Gcf- 
iiiany. Tin- hulk of Unit Iniflic is llie trafTu; of the Great Lakes, nntl 
so for as that is conlineil to the Great I^alres it coiTe 4 r[ion»ls. not to oiir 
inlnufl water titillic, hut to otir oimsting trade. By far the (rrealer 
proportion of it is so restrictetl. Jhit the Great Lilian alj® foru) ]iiirt 
of two waterways from the iiiterior to the riCjdnmrd, one t.iinadiun 
and the other iK'longinp to the United Slates. Ihe Ciimnlian is^of 
course that of the St. Tjiiwrenco, leading to Muntn'al. and has peeiiliar 
advautuges for nirrying on an export trade in grain. Sinw the <om- 
pletinn. in ISIW, of llie iniprovrnienls on the St. Liiwrence there tnia 
Iwen » ininiunim depth of li feet on t|ie entire wiitonvay. At the 
head of the route are the cufiruioas gniiii—above nil wheat—collecting 
pnltita of Fort tt'illiam in (’anada Qiul Dolntli and Chinigo in the 
United Stan'S- But as against the.si' lulvmiiuges it haSi to Ijc remem¬ 
bered that the route is dosed hy ice for ahoiil five months or mon^ every 
venr. In spite of this druwhack the waterway enrries on mi average 
mudi more than half the grain carried enslward to Montreal. In 
llie Ihirteen yeatv, 1o im*, the wnterdmme proportion varied 

from S3 to a little niore than -I" per mit, this mini mum having lieeli 
ihc limit of a regular decline in the |>it)|»rtinn of grain so ciirriwl 
from lSi>5 to IhOl. By 1905 the projiorlioii of water-lwriie grain hud 
lisen again to iieLirly Tit \>i'r rent, but in ibis we may prolwhly see the 
elTect of die alioliLinn. in 1903. of tolls on all grain carded through 
both tlie Wcllmnl and the Si. I^iwre-nco dmals, though a toll of 10 
cents (say fid.) a ton k still levt&l on all grain that passes through the 
St. Ijiwrenre canuls only. The nnrumng of lliU discrimination oli- 
vioiisly is that on the heavy long hniils the niilwiiy i-s able to offer 
very effective competition even with this advantageous waterway, 

Tlic success of this watenvay has long ago inspired tlie CanadianB 
with the idea of taking advantage of the geographical conditions to 
create a mure effective wnterwiiy. offering the reooruincndations both 
of a diorter route and greater depth. Tlik project k what is known 
os the Oltawti and Gwirgian Bay scheme. The promoters of this 
scheiuf* urge that by dee[H'ntng in places tlie river Ottawa, by nliliz- 
ing fjakc Xipissiiig and its outlet the French river leading to Lake 
Huron, and by constructing the necessary l^anal connedions, a \yater- 
way rnnning nearly dne west from Motitreid would l»e ttiibsliluted 
for that which first nscendaa longdistance to the sonthwest and then 
tiink northward. In that way a saving of idHiut 340 miles in the 
voyage to and from the higher lakes w'ould be siaved. Further, of 
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the totui limgtli of 4i!a miless on thh ii^w route 30? miles would be 
jii^dc uf river nnd Inke niivigation uetkllng no improvement to 

iidmit of its Udng iiavjg^l4>«l by vessels of i!0 feet draft. A committee 
of Oie Dominion Parliament has rwommeiulcd the carrying out of 
the scheme ami tlie juloption of st depth of 22 feet for the whole route. 
Om drawlmck. liowever, is imiivoidable on ihi^ prr^posiMi route. In 
consequence of its northerly situntion^ thene won hi lie only a very short 






season after harvest in which it would Im? free from ice. 

Tiie tlnited States woierway which cunt in ties tu the seaboard the 
navigiition of the Greot Lakes is the Erie Canal with the ILiidsoa 
Hiver. This has the advantage of being connected with a much 
more tui porta lit seapoit tbiin tljc St. Lawren.tsj routCt hut. on tlio 
other ImncL is much inferior ns 
II waterway. It has at present a 
depth of only 7 feet, and the 
maximum sixe of the barges 
which make use of it is csnly 
about iiaO tons. In this cose, ac¬ 
cordingly. ^ve tiiid that the raib 
ways arc! able to conipeto witJi 
the waterway much more etleca- 
ivcly than in Cunada, eveti 
Ihough llie caniil iis maintained 
by the iStwte etitircly ftvini 
toU;ii. On this head^ howtvt* 
one in:^tructive clifferciice may la? 
noted l.ielwesi'u the practice in 
(foniiany and that both of Can¬ 
ada ond tlic Lnited States, In 
these two countries the railways 
compete with the waterways 
iirv all private undertakings, 
and do all they can to comix^te 
with Eheir rivals in the most clFective manner. The result is that 


Kin. tL —[nJjisd watfrwnri of lllla^lii. 


of the total amount of grain carried to New York in ul>rMjt 

03A per cent wns tnins|mrted by rail as against some per cent 
by water, tu I'eceiit years, the aclinil quantity of gomis of all 
kinds earrini by the Erie Cimul has greatly ilitninished—from o 
muximutii of l.ti million tons in 1880 to les^ than millions in 
IPOh And this was uiaiuly luiide up of local traffic. I'be lunoimt 
nirritsl by the canjil to tide water in tlmt year was consideraldy 
less than one million toiu?. In ISStl a I! llie ciuiuk of the State of 
New York rarrieiJ rather more than 23 i)cr i-ent of the total traffic 
of the f^tate. in IflOt leivs than h'> per cent. In order to re.^tore, if pos¬ 
sible j the efficiency of the waterways, the ^tate is now^ spending about 
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£21tfX)0,000 ih making a oinal wUU brandies with w deptli of 12 feel, 
anil trapiible of aGCommoflaling lHiPgti?3 of LOOO tom^ on tlio rout^ 
s1ic>w[i OD tlio acconipanylng iiiap. 

Of ilie Datiiral inliiml waterwiivs of the Unite^l States^ ill addition 
Ui the Great Lakf^ tha Missii^ppi oiht^ aiivanluge^i for tritfli^': of a 
kind to wbidi not iiiaraJy our own wjiintry, but the whrilr qoniiijonl. of 
Europe* can oifcr m parulleL Y^K it k a very striking fact tUat even 
on the urtHnary steanier traflir has shown a gn*at decline. No 
gencrnl siiitistiiSi havt\ I iN'Iieve, lieeii Cidletted since but the 

Tenth and I'lleventh censiiseii of the United States allow of a sxaO' 
part^on being niatle betwci*n the total trnflio of i860 and that of 
between w'liich yeai^ the total amount of iraffie rarriefl on steamers in 
the Mississippi valley genomlly sank from to 10^^, tlmt on tlio 



Ohio from D-2 to 3,8 millions of tons* In IMl the total quantity of 
gocals received at Xew Orleatis from the interior was le^ thuti 0 per 
cent of that rei-eiveil by all mvites.'* Still, from the Miswissi[qd and 
Ohhi we can obtain itlui^t rut ions of the kintl of tmffic in which guotl 
wotenvoys are even now siicoesssfuL SL Ixstik Is a great collecting 
|xilut f<w groin. To 11)03 more thati SO per creni. of iho wheat and 
ahoiil 40 per cent of the mair^' dispaterhed thence for ex(xirt to Xew 
Grlean^ went by river^ ufid liy this remte rates for wheat on thiougli 
hills of lading to Liverpool arc only about Iwm-thirds of those by 
way *f{ Xew York.^ Yet the fuels* even of thia inide^ give us a hint 
iils?o of wdnit waterways fail lo do, for only rdwiiit one-sevciitli of the 
vvlictvl anri onedhirtcenth of the maii^e e^cporled in that year from 
New^ Orleans eaiuc ttj tJie |>ort by water. 


^Sce the ilfvla In tia! Farelisii OlMee RetK»rL, Aaiiank ScrSiiS:, Kol mi- L 
>B'orfdiru IteiKirt, Acmunl Ko* 32132, np. 48^ 4». 
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But ilm gi*niji iTude of the MiSi^Lssippi is Izirgely. and tlie 

ociiil tnifle of tho (Jhio-.\Ji^Ji=ii[>pi itlEiiast ^ lioUy, curried on 
in ii peculiar niauncr inily in very though not neccis- 

sarily very deep, rivei-ij. It by moans fd whui ure <!iiJJed tow 
hnr ^:^—t fiat is^ u nut3d>or of hargf^ fii'mly IhhIiihI together iuk] pnslicEl 
onward by iiioaiis of n Ftoru-whifel Htetnuor. The eoiil is all brought 
frotii die Ohio and its fetalpiv^ the Monoiiguliela and the Hroot Kjtfiti- 
wha, die first of which h one of the two lieail of die Ohio 

which miH-H at BitLshiirg, while ihe olhor joins the main slrcmn in 
West Virginia. At Pittsburg tows of barges 4lrawi[ig ^ feet are maJi^ 
up, crtiryiiig finin 16*000 to ITtMi} tons of coal. They may liave to 
wait for a snlficicnt depth of waiter Ijcfure iirt^ceetiing on tlioir way 
to Cincinnati and I^sdsvide. At Loaisville two or three l^itt-’-.bnrg 
UiW^i Jtjjiy l>e iiiudc into otus iiarrying from l o 10JX5O tons. Even 

one of 70,000 tons is on record. One carrying 40*0t)0 tons. Professor 
Jobnsoii lells ns^ is ub>ut 10 acres in estcnt.“ At the same mtio, one 
of TOXKH) tons wotild extend over ITJ aerew^-say t lO by TtOO yards. 

It is baisted tliai this is die cheapest mode of inland carriage in the 
worldj anil yet even this triilfic, wliich increased eiioriiiunsly Ixilwecn 
ISSO and 1660, would apjx;ar to Ix^ now detdining in the aggn'gutcT 
and is ccrtaiiiJy not keeping pju.H!i w ith the eiioninnis progn^'i of the 
American coal trade gcncraJly. In ISBSJ the total ainuittLt of freight 
cjtiiried on the Ohio w'uh oflicially relumed at alxjve ItkOdOAKKi ton;?, 
of which low-barge tmfiii: made up considerably more than 12JM>0,000 
tons. Ill a coiisidnr repoit for the total tndlie of idl kinds Avaa 
c!£linmted at lUOdO.OOO tons,®* mid the figures in the ollicial mnnis for 
tlie ciHil I ratio of die (treat Kanaw ha in reciml years iii e nt least not 
progressive/ ThiSj no doubt, is tlic cause of the tlommiEl tnsidc by 
(host' iiitcrcided in the Chio navigation for the iiuijn^vcincut of Unit 
river liy the (iovcrnmeiit of die t nited States* so as to iitToid n iiuni- 
uinm dept It of u feet at low waler^ n demand to which rhe ijovennnent 
has fur aci.'etled as to obtain from CongiTss appropriations for a 
survey of the entire river for that purpo^^ 

Bui u still greater project is no^v 1 icing iigitatetL 0110 + niiinely, for 
die rreidion of an uiiinlerriipled waterway of 14 feet in ilepth from 
Chicago to New Orleans, so as to allow' of loaded seagoing vessels paat- 
ing from one i>ort to the other* An as'^ociatioiw known os die laikes- 
toThe-Gidf Bcej) Whiter way As^K*iaUon. lias Ixren formncl to carry out 
this scheme^ nnd 1 nm informiKl by its secivtary that its total cost 
is Intimated at ahoiit £1L500.000. Part of the pitjposcd waterway 

“ Eujory Jt. JehiiBoa, Occaa and Eftland Wpier Tmofiporlnttcia " (tjornlon: 
Aiinletom iiNut), ji- 

& For. Off, Hen., Ann. No. 3^22* ii, m. 

® JSw the Aan^lal nei^^rt ibe Chh^f i^T Kuj^Liieenf of ila? War Deiiartiacut 
of Uia rullixJ 6tatGH ior lUS* voL % [Miri 2, eu. issT* 
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woiikl be foriiiwl by the C'bicttgt^ SHiiltiiry Cuiml* •.'Orttiftetiiig 

ChicB^t with the Dew I’kijn^ River, si cuuiil with ;i miiiitiium tlejith 
af M feet, l»pin in iSHii, nnfl now iippnMicliing cnmplntioiu This 
enuul tin: tmslees of tlie iiarsitsiry lUslrict of Cbicii^n) pra|jfitie to hnuJ 
over to the General Govenmient on condition ihnt it cnmpltrtt^w the 
prujecU'd waterwny; but when one considers thut tlic 4;t miles of this 
can ill, when cftnipletcHl, will have cost about £llrfiO().bOO. the total 
esliiiiotn uliove given must surely Imj ratlu'r sanguine. 

Such ii i)roject an this may at least serve to give an idea of tins 
enthiisiasti) which iiiluinl waterways inspire in the minds of some 
{leopte, bnt is not fitted to afford any giiiiiaticc in the study of Englisli 
wutenvays. and to these it is now time to devote attention. ith 
refcrencNj to the special subject of this impiiry, nninely, the iidlnctico 
of geogruphioal conditions on rail an<l water transport, there are few 
countries, if any. in which the facts arc more worthy of study than 
our own. Feeing that in this country tlic two means of tranH|mrt have 
Ihvh left to fight it out lietwecn themselvra, with lillle interference 
on the part of the Slate. It has liwn tire general rule in other coun¬ 
tries, as in Gennaiiy and the United States, for llie State to interveno 
oil hchiilf of tlie waterways. In this country the only way in wlddi 
iho State can be said to prejudice the railways in the contest is in 
insisting, iu llie ease of those canals which have liecomc railway prop- 
ertv, that the canals shall ha maintained whether the iiiihvay c-on 
work them at n profit or not. and that the owning CTunpanies shall, 
lit the demand of tniders, quota rates subject to Wtate regulation. I 
woukt not lie nnderptoml to assert that this is undue interference on 
the part of the State, I merely mention it as at least a fact that 
should he rccognisicd. 

And lM?re I may point out tliat the existence of railway-owned and 
rallwiiy-oontrolled canals in this country introdufes another gco- 
gruphical consideration, jilthough only of a secondary ortler, by 
which I irieuo one not originally given or mainly determined by 
mtiire. Once estaldished, however, the natun' of the awwrship may 
have geogruphicnl effects, and it is ut least incimibent on us to iiu|i]ire 
whether it Inis aueh ur nut. Fur that reasou several canal maps hnve 
lH>cn drawn up in which the distinction of ownership nr eontrol is 
indicated, and one of these I am now able to show through the 
courtesy of 5tcssi:% Longmans, Green £ Co. On this map. it should 
lie noticed, the I'unuls are distingiiislied. nut as niitw’ay owned and 
indepiuident. hut as railway controlled and indcpi:ndent; for this 
makes an important differemv, inasmuch as the Birmingham Canal 
Xovigution Iwlougs to an inde^icmlvnt company. This, liowever. is 
n mere dividend-iweiving coiupuny, the dividend being guaranteed 
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by the Ijaiulon itcid Noriliw^sturn Eiiilwny (^oiiipany, \vhit?h umler 
nil old ii^recuient with thu e^ntil company ronirnh tlio navi^lion. 

Tliis mup ali?o. following the wdl-known niLip of Mf. i^iond U ellsj 
muhi^ an attempt to distiiigiiish the eansls in respect of ihmr ciiiiacity^ 
ttnd it will riotit-ed whnt u large jimpoHioii of them are fum\l 
wiitenvuyiiof less Llitm 4 feel in depth, iiiaiiy being iint merely shallow 
blit narrow and capable of being u$e<l only by wkiU are know a aa 
narrow boats* 

Finiber, on this map an attempt lifts been made to indicate the 
cfTeet of inequalities of level on inland navigation^ lu one rc&pect 
the iTio^i sntisfjicrtory maps that have l^eeii piibhdie<ls so far os I 
knon% giving indications under this bead^ ai'e the large niapK showing 
the w’u ter ways of England and Wales, of Irdaiid, and tlio ScotUsh 
mi<Uands^ reapei^llvely, attaduHl to the paper On Water ways in 
Grait Britain*'"^ read in Novetiiber. IbOo, by ilr* J+ A. ^laner* M. In^ti 
C. E., to the IiiHtitiition of C^ivit Engineers, of which the initlior was 
good enpugh to favor me with a copy. Tliese maps show die wivler- 
wit vs in relation ttt tlie physic cil features as iiuliciited liy ta^ntniir 
lines and intervening coloring. It is to l^e I'l^gretied. liow'evur. that 
diey dn not give the niiaii>er of locks on I he ditforent watorwayi?^ 
which the scale of the maps would have made (rf>ni|ianilivdy easy. Of 
the dilRciilties pitsenled by English canals the Licst idea may [Kn'hapi^ 
\u* obtained from the sections piiblisliod in ilr. E. A, Pratt s ”, UritLdi 
Canals,'" On the map now show n the niiinlier of the lock-s on ditfenvnt 
canals and waterways, or sometimes on sections of canals, has Ijeeti 
given in Jigiires, but the map is on ruihcr a small scaile for tluU to be 
done quite satisfactorily. It will, however, iii least serve to ket'p us 
in rniiid of the fact that in this respect English waterways mostly 
hiilTer from great dniwhaGk'% 

It may be worth wliiie to examine some of the more im per taut 
rahiils siq^anitely with reference to this prdnl. It will In* imticctl that 
there are three waterways connecting South I^nca^-hife with the West 
Kiditig of Vorkshirej and, accordingly, crossing the J'^eiinine diain; 
two of them independent canals, the third railway owmed. The most 
hiiportiint of these is the Ia^^Is and Liverxx>ol Canab the norihcrn- 
niost of the three, whidi, it will be observed, has {ifty-one locks on tlie 
one side, forty-four on the other. It has. however, the easiest route 
of the three, going through the important feature which Air. Alac- 
kinder lins well called the Aire gup. at die height of only 477 feet 
above sea level. The Uoehdjile Canal, the next to the south, rises 
alwve noO feet, and the Hndderrdield t!!aniit reaches its summit^ 


^Tke work ntfmncltng tbi^ uiai^t eoniuletc luforbicitlaa abcHJt l^iigllah xcRtetrfyuy^ 
aoeer tbiN anti nil iitlier lieials ixaineeteil wLtU their la nnidstinw'a "^C'aonla 
am] .Xuvtui^iLJe Itlvera ot EaipUaud ami Wales,'" by £L dv tUJoilom 
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feel, in ilte Stnned^c tiinocl 3 miles long. In the HnreoitAle tunnel, 

+ miles nojlliweiit of ,Stoke, the Tienl nnd Mersey t'situil uUuins ii 
iR'iglit of 4G0 foot. Hirniingham is connected with the Thnmcs by ti 
wuterw'siy whicU starts at 3S0 feci above sea level, sinks to 180 feet in 
the valley of the Avon, ami rises amiin lo 3t30 feet wlK're it pa-sses 
through the Chi Items; and with the Severn by one starting at 425 
feet above sen level, ami making a rapid descent of about 250 feet in 
3 miles after passing through the Tardebigge tiinticl. 

It has also to be noted that, in adililion to railway comiMitition, 
the ill I and waterwuj's of this country hiiv'e to ctict) it liter that of the 
coasting trade, and when all the drawbacks of Einglisli 'waterwajw 
ate considered, it is not too much to say that, in proportion to their 
nipaoity as regnnls volume and sptied. the work done by them com¬ 
pares very favorably with that done by the waterwav-s of other coun* 
tries witii witich it is misonable to imike a comparison, la the 
iiljisence of ton-iuiJe statistics no satisfactory coniparison can indeed 
be made under thi.H head; still, it may be not idtogetber useless to 
mention that the toiimige curried by the waterways of England and 
Woles, according to the returns for IStlSj* was larger than that car¬ 
ried bt' the waterways of Eniocc, lieigiiim, Uermaity, or Kiussia, for 
the nearest year for which I hop[wn to have the data (in no case 
riioTO than three year# from 1808). England and Wales, moreover, 
have no waterway like the liuhr, capabie of carrying lG5-ton ImatS 
luid passing through a I'oal field, yet currying next to nothing. The 
118.(XXl tons carried in iSflS hy the Ken net and Avon Canal and 
river .\von (railway contl'ollcti, be it observed) compares very favor¬ 
ably with the small traflic of the Danube-Main or Ludwig^ canal. 

The first question, therefore, to ask Is, How is it tlait our poor 
waterways iicconiplish so much? and unquestionably the answer is, 
Because tins coiinlry has such large quantities of bulky goods origi¬ 
nating or collected at some ivoiiU on a waterway and requiring to be 
trtin#i>ortwl tostime other point on the same or a connected waterway. 

\Yv may next ask how this tmtlic is divided between the indepen¬ 
dent and railway-controlled waterways. Tn making this comparison, 
I leave out the sea-lMirtie traffic of the Muuchcster Ship Canal, which 
is obviously not on the same footing as ordinary inland water traffic, 
and I omit the Manchester Ship Cannl proper in stating the total 
length of the canals. f)n this basis we find that the 2,011! miles of 
independent canals carrrictl in lSf>8, in round numbers, 22.5 million 
tons, the 1,118 miles of inilway-oimtrolled canals roughly 13.5 mil- 
lions. These figures would seem to tell rather in favor of railway 
control, blit, of course, ii would be absurd to tlraiv such a eoneluston. 

‘Ueninui la itcs|iect at Conala ntii] Nitrtgalloiiij In the Unllecl KUiiotmu ftw 
L^, [CO. tUj, ISDO. 
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SiiHi g^'ncriil etHfifjBirfefULs rhmw no light whatever im liiv 

It will l)e mow prod table to look sit the facts relating to womu of the 

iiadivifltial imvignUoris^ 

TJmt whieb eairieci by far tbe greatest nmoimt in that year was 
the Birmingham Canal Xavigution. ii miserable narrcHV-b>at ijj^teni 
of waterwayfl w'hicb wind alwiit and risse and fall in South Stafford- 
sliire and tiie neighboring parts of ail joining wiinta^a. But it is 
their si tn a lion that explains llieir preeminence, ilia large towns and 
the mine^^imd <]iiaiTies of this tUstrict supplying and reepuring Usrgi* 
r|uahtitles of bulky pnidtice, such as is indicated m the following 
talile, one cob]inn esf wbirb is taken from the returns silready cited 
and Lbe second kindly supplied to me by tbe clerk to tbe Navigiition: 
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Tim general merchandi^,'^ I am informed, U broadly coinja^sed 
of grain, tiiiibcL^ and manufacLureil giHKis generally. 

The waterway ran king next after the EiniiLUgbatu Canal N avia¬ 
tion in res|»ect of the volume uf its tniflic h the Aiw aiiil Caldcr 
Xavigatiom Here w'c have a much bitter waterway, tbmnghout 
atiove i) feet in depth, wjlU niilch fewer locki^i and, moreover, witli 
large (jnantities nf one hulk cominudiiy {cniih to collect at or near 
its up]ier terniiiialsH LchhIs and W'akebeld, and dlsctuirgc into ships 
at its lower end, Goole* This trade has ulso been gmitly piximoteil 
by the ingenious eontrivanctis for dealing with this coiniilodity 
dcviiiiMl by the engineer to tlm canal, 'Sit, \W IL Barlbolouiew, 
M. Inst. C. H. The coal is carried in so-called cximpartzueiit boots, 
really s^^gments of a boat, eacli carrying Hd tons of coal, and formctl 
into a train w-hidi is prewded by an empty segment Klmi?ed like tlie 
prow of ix boat, all drawn by a ing. On the arrival of the train nt 
(jtHiJe each compaiinuiiit is bokicd up in m'der that its contents may 
be tipped into llic hold of a si dp, and on tJic itdurn of I he train the 
separate enijipurtmcnu are haiilcil out of the w^aier on rails to bo 
taken to the collieries for ^filling. 
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Time fails uh fur the exuiulnutitin «f other iin[>ortaRt Eii^rlish 
wnterwuyi, but atleTUhiii miij be dniwii to two rnllwuy-coritrolkHl 
i iiiiwls which L’lirry a grmt tleiil of tmflie. tliotiah not with such S^iitiia- 
fi\cXmy rtLHuUii tJie nirmin^jluun Caiuil Xnvi|^tioiK One of the^^e 
h the 8t. Fleieiis, or Sankey Brrxik. Canah" la-longitig to the Ijondon 
imi\ Xorlhwcsitern Kiiihvay Coiiipsmy- It iiiotv than <« feet deep, 
mill rujiH fmm (he great cheinical iitid gla^w iiiiinitfatturiiig town of 
Helens lo the Merw}'- In LB98 if carried above 380,000 tons of 
river SEiiith chemicals, Minestcme^ nnd other produce, but at a 

hiss to the ronipany of £8;i5. It is difiieiiU to conceive what motive 
the «im|iriny c<iTihI have for eariydiig nl! tlii? at a loss, if iti any w'ay 
it ivmld contrive to carry* it at a prolit. The other is a very I’etnark- 
able sitiil ijiftnjetive ci^se in more ways than one. It is thot of the 
Swansea CaniiU* which lies in ihe vnllry of ilic Tskvo, and in IGi 
miles asr^nds feet hy means of 3tS locl^ In §|Hte of these adverse 
clrcmiiistsinces^ the cimul eaiTieil in 1898 10*2^006 tons at a small pmBt 
to the railway eoni])aiiy* The expliinatioii is fqiin<h however, in the 
arcoiini of it given m the lictiirns for 1898. where the eanid is dc' 
strrilied as " passing through or alongside the various works—copper^ 
silver idrkeh tin phite* ami oUicr works, also collierie^, quarries^ ete.*^' 
But the iiL^tnictiveness of this example di.^ not end here. In 1698 
the gixals Ktated to have In^nn carrictl by thiK cainal in ortler of inijror- 
taiice were ton!, ores, and pitwood. Ttu- nnniag^r of ihe Great West¬ 
ern Ituilw ity Company hm la?en gcaxl enough to inform me that in 
1905 the .it>Lal tonnagi* carried by this ranal was only iSiKJ^OOO tons, 
utid lhaf tlie decrease in (nitfic ivas miiinly due to the fart Uiat:^ conse* 
quein iiptm I lie provision of rail access lo a large colliery company's 
w'orhs, fliat companys oat|>iit, which fortncrl}" pas^-d by the canah 
w ets now all cari'ied by the ^^lidland Railway^ and that it was under- 
fittwl titat the eollier^^ company had dispt^sed of its water-carrying 
plant. Tlie coal at present qarrieil by the eannl nmounts to less than 
0,000 ions per aiinnin^ and I am assured that, as might be e.xpecte(h 
|jracticully tbc whole of the eanal iraflic arisea nt^ ur is destined for, 
places in the vicinitj" of the canaL Xgav the trafiic is carried on at a 
li>ss, and in this case it is htill inun! difEcult tu eoiiceive wlvEit induce¬ 
ment tlie company 1ms to suffer that loss if ii can prevent it. 

Theiv' lain be no ipiestioiu however, tliiiL in some casics it must be the 
interest of the railways to check the devclopmonf of rnnal traffic. If 
the facilitating of traffic on a canal Ijelonging to a railway would tend 

ta tlie caiml Shown oa our mari t>j five tiirgo dots %a Ujg Eiortli of ilia 

Alerwj- 

^Ttils rannl, IftadveneiiUy aliowa oti the aiap a n>Eillnainia lanteail uf a 
dejtti^Hl 1 h tJie wcfilem of the two canals eunverslaa ou 
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tci tJivorl tniflit' Uj uihtr cunal!^ inslei^El nf tlu^ railway* it is in aeeard- 
atiEA) ivitli oriimary but^mirts huinaii iisitiirv ihiit tli« railway sliuulU be 
uuwilUiig' to griifit fiiriiitii^j iiiiil it u largely uu th'm a-ciciJinit 

that tlie print ipill for cntinl iiiiprcn'emetit in Uib country 

liih^e ii|Mjn thi? Bii^iiiiiigham Ouinl Navigation. Tliat, of course, is 
nol tla> sob fi^ason. The riJi!i?antrtition of a nuniiig and incbi^iriHl 
population un the nreo served by that canal alftirds one of the inipcir- 
fant conditions favoring through iniflic by water to the coast. In 
tlic pii[aT already i\?ferretl to M. Saner has propounded, a scheuio for 
connecting tld.^i area with tlie ports of r.iver|jool, ITulK Ij>iidou, piid 
Bristol by caiiuls capabjo of being Fiavig^Ued by liglders of i^ifO tons 
carrying iiapacity. Bui suppose^ as AIr+ ’I'^ortioii-lTartiourt tiuggetaeii 
in Uis i-rilitrisiii of thal schenun a bt«ginning were tinidc with a prn|cct 
of iiioi'o iiifKlt^st liimtinsionSy ** ihc acliial enlargeiiicnt of the most 
promising canal, sudi, fnr instance, as the Worcester and Birming¬ 
ham Canal*" Ie( ns cfinsider^ in the light of what Inis ianui .set forth, 
whiit would be the Eiros|H?tHs of trulhc on that imiiruvdt] waterway 
to the sen, Tlic Hiritiingham area, it may lie admittOfL Is more pruiii- 
isitig for canal tmHic than Berlin* It is rather to IX' tttini]aired with 
a portion of the area of the Hulir coal field* StilL the waterway thus 
prodded wcudd Iw no Rhine. It wonhl not even Iw equal to the 
I><7i'tinund-Ema Cnnah tlic disappointing results of widch we lut^^e 
aln^nrly s^et.'n. When alt the circiinistances are considered, the prob¬ 
ability is, it setan=s to me, that nearly all I lie cornmcalities enunienUed 
idwive m uiakifig up the water traffic of (be Black Cuuntry would still 
coMtintie to form merely locinl trafEc. Not iinprobitbly tlidre woiihl 
Im." srJome tleYeloptiieiit iii Ihe carriagi^ of iron matitifactniHis to Bri^tol^ 
a devah^pment hindered^ as cornparLHl with the IhirtniimEl-Eins ronto, 
by the inferiority uf tlit^ wnterwavt but wlatively favonai llimngh the 
siijwriority of the seaports with which Bimungham would Iw? con- 
lu^letl* In return there w^ould not improl>Hhly lie n certain trade in 
ort^s, Itow* great it would Ik^ <]iffic[ilt to estimate, but so far as it want 
it would no flotd>t be tt gain to Uie district. From the e.\periciiee of 
Berlin and (bniiany generally, we may take it ixs settled that the 
improved waterway would do little to promote the trade sii English 
ngriciiUnnil Il>^lKlucl^ On the other Imnd, it iivouhl help to iiicri 7 ;ise 
the comiietition of foreign and c<dojihU produce of that kiiui with 
that of home production. Thoe^^ therefore^ who a<]vocate the sjietid- 
ing of public money on canals ought to conf^idcr whether this trade* 
among ntlicrs, b one that it is dcsirahle to prnmntb by special Ikujo- 
tic^, such as an unrcjiumerative state-built canal would constitute. 
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Latriif Ift/Itatiir)/ Kei‘t>rr ttf rftr Jaarril /*rtiwmforjc, ftojfrif ^^l9^a(^fe Oordcitt, 
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Sincp the generiil acccptanec oi the clocirine of evolution, tiic 
determiiKition of tbe eoMrse of Joawnv lifts bvcoiiie the ultimate 
objert of the scientific systematist; the problem is an historical one 
and the most autlictitic document#! ore the remains of the anemU 
orjmnisms preserved in tlie rwdts, Jiemote and even unattainiible 
as^tt full solution of the problem must Iw, we may confidciitiy liope, 
in tracinf; something of the past history of plants, to throw new 
light on their relationships. 

There Ls probably no branch of botany which has made mo» 
rapid advances of late years than the study of fossil plants, and it 
is especially the investigation of the more ancient floras winch is 
iu>w leadiiij; to new results of far-reaching significance. The object 
<if the present article is to give u sketch of our knowledge of PalecK 
zoic plants and their aflinitles, as afiecU-d b y recent discoveries. 

« AbrIOjTcO and condensed, with ttie (tfmscnt of tbe amliftr. from t'r<>)iie«uttis 
Rfi BOlanIcw. voL J. rrt, 1. I'li^ 13D-21T, ST lUfunra; UMitiUi, IIWT, Gustav 

Hu* (JiBcntcrli?* iiino33j5 plfiut roflsfSls Mve twi BO rrtphl fiarlhs 

tlie Uml deende, md tbo light ihlYimi im Huj nntiire of tto ancient extinct 
lln^lr Mintool relnttoup. ami ttn^lr |iart In the Br^rteiuatlc tfYolutltm of the 
irnciiniu^ of l\y\n^ piwnrH^ w liupiirtRtit^ as well Ji» lirUllaiit, ao to oselte 

the IfltL-rfiit of lu all braaelios ot bolJitiy In all cjcunlrl^i, lo Oia imr- 

tial a-fomiatloD of I'niodflcoie U<Jtany* and In the x^sk of worifilfti? mi ibe i>lay- 
logxiiy Ilf our lower syaitioi^lierni^ In pflrtlenlnfs the dlotliipilubed atithor hiia 
lilayud the lending hftle among 11 if hue l£i¥t«atli!3itf>ni^ 

T<i nieLt the mil for infonnntioo the inirt of AiaorJean rtifidera tlilfl \i*ry 
iihlor cttmiproheiiHlve. aiilhorhiHKts iim;] fhlrly cqtwervftllr^ nrtielo printeil 
ttB fully uM iHiaee will ITOrtiifct^ evvit IneluJinj: as much ns ^KisaUale of the itirtihtili'al 
icjiitor, alisee ihyav wUeb- sonttenHl dntn Unvv otiwhere LKsai trt enr 

Amerkim ISteraHji^ 

For rt^forenecfi to the many Jiopers eltisl, nud for adilitloiml llluBtimttan^ 
the rfflidor In roferretl to the orlslnhl arUdv md to Mr^^' Arber's hlbiiOKm3,^liy In 
the P?o4jrefeistm Ue\ Botaatesv- 
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(Hir subjctft \kv iKitmi}" nf the wIioIp Pjili^Knicr cp<M*h from 

thu oldest roelcs iii which plnnt neraains have been found up to the 
Hose of the Perminn fonniilion. Our tnowlefl^* however, of the 
dilTerviit pc^riorJs embraced within this iniinenfH? rnrige of time is so 
iincs^oLtl thill no grenend description of Paleozoic ve^^tation cjiii Ih- 
attempted. In the Silunaii, for example, vegetable fossils are so 
.scfinly that the data nn^ altognlher inadequate to give iinj idr^ of the 
tloni of thiit format inn. Tlic Devonian is fur richer ami of great 
hotanicul inteix^t, but its flora urgently owds n critical reviisinn in 
tlie light of modeiTi knoivlf^lgipi. It is only when we come tn the 
CarlKsniferous tliut the evidence bi?coiui‘s td>iiiidaiU and satisfactory^ 
null it IS from this formation that one (^inception of Palwjzoit; floras 
has been essentially derivefL 

III coiisiderliig the plant world at ^ich xi remote opoHi wc are pro- 
pini'il to find that the limits and relative development of the vnrioiis 
classes were very diifcrxuxt from I hose to wliidi are acciiHiome<l 5n 
the recent flora. There Is no evident thiit the Angiosiierms, now 
the rloiuinanl class in the icgeiable kiugiloni, csiiWed in Ihilcozoic 
timea; on I he contrary, their fir>it nnly app^nr far on in t he 

ifeso/Xiic epoirl]. Although their history may probably extend imicH 
further back than is shown by our jjnr^ent tecorcD, then? is no reason 
to siipp>se that (heir evolutioiij as i\ distinct phylinr^ Inid liegun hi 
Paleozoic tlna?s. On the rafhor hand {iyinnoapcrnii-. and tuont? pdnii- 
live seed plants allictl to Gymiiospcrmst ivera iinujens^dy abutiduiit, 
though belonging, with few exceptions^ to families now cxlinct. The 
Pteridophyta, while not so pridoEnitLant as has commonly liecn snp- 
jKwied, played an importaut part* and some of their fatiulie^ attained 
II develtipiiienT far exccs'ding anything that tlndr recent alliesi. can 
sJiiwv, As reganis the lower classes of plants* while we have scarcely 
any knowledgt' of PiiliHi^soie Pryophyiaj there is eHdeuce tliat Piic- 
ttTia wei'e present and that Fungi were abundant, llioiigh the re- 
maini? of the latter have not as yet proved of any great iKjfanioat 
interest. The Algze nn.' s^imewhat better kiiow'o, but here also welb 
ehnnictcrized si>ecLiiiftiis arc fciv* 

The Ixind vegetation of the Paleozoic period, fwun the Devonian 
onward, was in part Pteritlophytif aiul in part Sp(?niiophyliL% In 
the light of our prcncnt knowl^ge it appears prnhahlo that in the 
CarhoniferouF^* at all events* tlio hitter Heme lit wiuf preduminant, and 
[lo^ldhly this may aln^ady have Wn tlie case even in Devonian tunes. 
The com^eption of the Paleozoic age as the reign frf the Crj'ptognims* 
cutrent from the time cif ilfi mithcir Urongniiirt downi to oiir ovrn day, 
has lo5t its validity, owing to the increnidng eWdonce for the secil- 
b€?tiring cburactcr oh a large proportion of the forms hitherto classed 
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m Crypt Ogujmc. riir Speriiiuplii Ui tho Pulcoscoic [htichI rna>=^i!5t»>d 
on tilt one liand of wcll-chfinictiTizfiil fryriiiiORperms, iiinl on tbe other 
nf II greiit sissembln^c »f frrn4ike forai!^ rt^mblin^ the <!Oiiteiiiponirj^ 
(iyiririosiMirni-s le; reg^mis thinr riet<ls, but scptiruted from tbcRi by 
the primitive chiirncter of llieir general orgiitiiKutiun^ they may 1*0 
tiTfltrd iia a dLstinrt dn ^—the PteridcKpermOiT. Tn nJiiitloTi to (lyni- 
nospermii ami the rEiuks of raJeoKoie -^'ert-benritig 

were fiirthc-r reLTuiteil fiom a cliflereiil sources 
dlilies, some members of which* as invostigaTion lias shown, had 

made a gn^at advouce in the Spennophytic dircctlnis [jrodiieing 
organs closely ami logons with true secKla. 

The division nf vasenlar |>lants into iSpennophyta and l^crido- 
[>hytJi, tliongh hanetioned hy hoEanicat usage, ceases to nfford li natui^al 
line of cleavage when wc are coiicemed witJn Piilpos&oio vegetiitiorn 
A large proportion of the seed plnnls of that [leriod were^ until 
recently^ clashed as Fenoi, and though their position has cliangj^d 
then? is no doubt tinit the nffinily lietwecn the iherid<is£>enii-s, aa 
we now call thorn, and the i*"erns was far closer thiin that liotwqtm 
the Ferns an-:! any other linown giYntp of Ptitridophyta* h'arthor, 
the Lycopods above rofernal to, which were repixxlueffd by ineans of 
ftCH.'ddike orgau-s, were in all other respects as true Lycopods as any 
of tiieir purely Cryptogamic allieii. 

Hence we have to some rather line of st^spamtionT if we wisln 
on grounds of convenience* to group the PahniKoic VasenhireB under 
two main divisions. 

As a provisional scheme, we may adopt Professor Jeffreypro¬ 
posed division of the vascular plants into Lycopsida and Pier ops idii, 
the former including Sphenophyllflles [as hert» limited* n ivhoUy Pale- * 
ozoic claFs) Equisetales and Lyct>[iodiak»s. while I lie latter embrace 
llie Filicales and the wliulo of the FloweFing Plants, 

The characters on which ProfcK-or .Tclfrey mainly relied as dis- 
tingnidiing hLs two main groups are Lliree: Tlic L^Topsida are typ¬ 
ically jiiicrKjphylions, tlie THcropsitia megaphyllous; tiie Lycopsida are 
cladcksiphonic,’’ the Pteropsida “ phyUosiphonic^^'^ i, c-* the hollow 
vascular cylinder (when pri^'ut) la interrupteil in the former only 
hy the os:it of hrniichei^. fonniiig nttriulfir gap?* in the hitter by the 
exit of leaf truecSt fomiing foliar gnps^ lastly, ilie I^ycopsida are 
eliaracteri-^tically strohiluid as regards their fructification, while in 
the Pteropsidu strnbiU^ or conos^ appt^ar only in the higher membei's 
of the dhusion (PhanerogTimia)* These chameters are by no int^ins 
tmiistiint, and ;in^ o|Mm to much criticisms the gi'iicnil gRiiipliig has* 
however^ sufficient daims tn lie a natural one to afford at any rate 
a Ijiiais for the discussion of affinities. 
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We may graft on Ptofei^r Jeffreys arraiigcment a prcjpasal of 
Professor Lignicr^s to associate the SphenophyUales and Equbeta]^ 
iti the subdivision ^^Jticuljita?. So far^ then^ as concerns the groiip-i 
which we have to consider in this article our provisional class!fica- 
lion may take the following fonn: 


Lyeopsidii__ 


Pteroptsicltt_^_„ 


'Sphenopbylhiles 

Eqiiisettiles. 

Psilolflles, 

Ly copod ialcsL 


jAriiculata!. 


Filicules, 

Pteridosperniew. 

fiyrnpwpermewi. 


ppormopliyffl. 


The Psilotalesj though wuiJiout iiiitheiitic Paleozoic repfcsentalives, 
are iuetuded in the list hecfiii^ it is necessary to discuss their iidiiiities 
in the Jight of puleontologicnl data. 

The composition of the Vasciilares in Paleozoic times was thus 
widely difTerent from what we fijid in the recent Floras only ns 
to the groups represented but also as to their relntive iinfjortancc. 
Tlie Pteridophytes and the lower Seed Piaiirs then hail tlie field to 
ihemselves, and slian^d among them all the leading roles in the vege¬ 
table worlds filling tt place wliidi has dnee^ f<Jr the most part^ been 
taken over by families of umre mcaiern origin. (}roups of plants 
which DOW play a {subordinate part, or have disiip^x^arod Rllogethcr^ 
were then richly reprcscntwl^ and in tiiajiy casc^ shosved a far higher 
and more varied organkation duiu ia foimd among their nearest 
allies in later times. 

In discusdng the ailinitics of Paleozoic vascular plants there are 
certain advantages in bcginnmg with the SpheiiiophyIlaks« an order 
which, though not extensive* is important fjx>in its synthetic charac¬ 
ter, and probably repi:^tits am extremely ancient stock. 


A. Lycoi^sida. 


L Spi!r,^rdpuTi,t.At.Ea. 

Tlie extinct order SphenophyHales ranges from Ihe Middle De¬ 
vonian to the Pernijflo. or perhaps to the \m^ of the Triassic, It 
eon tains but two genera, Sphem/phylium and Cheirostrohif^, each of 
which represents a tiktincl family, the genus CAeirosUobm being 
known only by its remarkable cones. The species of Spkeni>pfi^lhtrn 
wore herbaceous, probably climbing plants, tvith slender riblied mf- 
ticulated stems, having a triquetrous solid axhf of centripotal primary 
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wood from liie angles of TvliicU the kuif tracts ariiria, A setwndsiiy 
or csfjgi'ticmei wood waw also dcVL-lapod; in iho ct>[il-meagur(s 
tlio Liticheide^ are pmvidffd with mtjJtLspriutc Tho loovi;^ borne 
ill vorticib at the nude^j are lypiciilly cuoooLf-, with clichototnoiiii 
nyrvLS^ but may sliviJed itUo ouiuorcaiH Jinear ilwy aro 

usually sis In tiumber and not alternating in the verticils as in the 
E(|ui3^-tale.s. Tlic sjyoraugia nre varied iu gi^uiping, and an* borne 
on the lobes of more or leiis modlfted fcrlile Jeaiviss. (.Fijr, I.J The 
nervate sponiiigiophiires are satiictiiiies |>c]tMte^ and the s|>oningiri 
(one to four iu iioiitlier) ai’c ti^ually borne on the vent ml IoIhSj 
I hotigh in one fcjjeciesi tliey are abo present on the dorsal. The cur¬ 
rent stnlenient that they are heterosporous ap^ 
pears to lie erroneoiis. 

The cone, from the Lower Car- 

boiiiferonst is «f great romplesitys and is in fact 
tJio most ckhorate Pteridophytic fnactification 
known to lus. A stout axis with a i>olyai‘cli 
jatek of primary wood containing no pith, 

!x*ars iiiiriiercius verticils of highly coiufiound 
sporophylls. (Fig* ^.) Eitch sporophyll con- 
sbts of six segments, of which three are dorsab 
srtcrih*. brrict-like organs, the remaining three 
coital i 1 uti ng veil I ra I [ivltate sponi ngi fiphoiv 4 i| 
each of which four apomugifl. 

[ntinialcly reliited to the Sphenophyllnlesj, if 
not referable to the same class, is PHu<hthormat 
dcsenbetl by Xathomt from the Arctic Uiipcr 
Jjevoiiiaji and made the roundatioii of the onler pArt rorkKi 

PiiieiiflobcinTiales. The niain stems, which are if»r»iitjfU in BurtiLc^ 

. , Tfew, ftbflwlHfr ft Jfifflau 

believud to have Iwn creeping^ are of consider- at tmt ifponinHift ib^ 
able sixe, rtMirJiing iilKiut It! miiL in diameter in tM?iow a. biruna- 

. rs . 5 T ■ Alter HlOitEm. 

their present flaltentii condition- I he stem was 
articulated and brancheiis and on the snialler branches the whorh^d 
leaves are found in position- Several are lioriie in a vertieiJ, the 
number lieing imfeL probtibly four; each leaf k of u highly com¬ 
pound fisrin; seaioti oo a short petiole, it divides hy repeated dich- 
ofom)" into severnl leaflets, which are themselves deeply piuimti- 
fied, with iiuinernus line segments, Tlie fructiftrnLiou Is hi the form 
of loug^ Iftx spiked, bearing ’whorled ^spOTophylls, resembUng re<hiced 
vegetClive Icnvea A hpumngium appears lo have lieen Imnie on 
the lower pari of ihe aporophyll, but thei‘e is no infomiatioti as to 
its ftiiKle of insertiott. Indications of probable megaspores were ob¬ 
served, L’nfortiinntcly the ty|je is at pre^eol known only in the 
form of iiupresificHis. 

llTfjd—OSi- 
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IZ. EqUtB«TAlX^ 


Thu Pultmolu Equisutnlest otim nip<iu into a daes of their own. 
undiir the dame CulaiiiiLrialcis or Cali maria ceiB. were one of the domt- 
tinnl groiip.^ of plants at that period, atiajiiing tlio ei^iatiire of large 
tree-* whLdi Qpfiear to have formwl nn important con?ititnent of the 
Ciir!>onIfemii?i forest:?. Hence their organization was in various re- 
spccls on a higher level than that of their recent siirrivors, repre- 
sejited by the genu^f Ef/fikehtFn; nt the same time, allowing^ for Uiese 



Fra. 3,—{rd«Ov&Hj r#trjv«wrif:Hdifif. Laa^iiiB tjt u|i||u«r run iu tn^DHTtiiWp ttio 

ia¥^^rf lji tniJlaE ■mlncL In tliu irapEverw HflinEi, i.lr ■lMi«-i»£ Him 

prit ncrirwfltcit n.t wwitpc in pldiw vt AterMn Sp. &.h MciLan 

In pliuii! «f ■pcmiipfLopbami; *0 InusErup at Etrfir? /i InitslaK ipfinfiijaiH 

pliBrrcif iiRii nlKljiar l3at)d3c« EDiipI^lDE pporoftlijIEi i Ajt. ileIel 

■telfl. Tbfl ta'DcLriidliifl.l wUeB ihuwv ttie EpornDxiupLnrH anil ilC’rllff HEmintE Ln Ibisljr 
neintiuli ni venttnl nii4 4^tiial lubei nf th^ fpnrnpUjIlnt ^ 


acbptl^^ dilTerefices. the stmeture of the Calanmriacei^ had very 
much in ocunnioii with that of onr familiar EquLseiaeeic^ 

Even in habit there seemH to have been a considerable resemblance 
to recent forms. The loaves were always in whorls, and iisiially of 
simple form iitid ciompnnitlvely sriiall i?izG, tlmiigh not so reduced as 
in £tjuhetti7ti itself. In the olde?;t known Calamarian, however, the 
Devonian and Lower Carboniferous gejiiia Atch^focafamriii^^ the 
leaver were often diehotomonsly compound, thus ? 5 howing an inter- 
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ostmgr Analogy with the foliage of tmd the Spheiioijliyl- 

lalos^ The leafy branches have bi^eiii dlvidi'd oniotig the g^neru Aiuin- 
A^fcr^phylliti!^ and Caiar/n^cladyif^ 

Tlie iiimtoJincul structure of all jmri^ of the plmit h now known 
in a niimtM!rof instunee^^ hut the correhitioii of tlie vnrinuH ^irgsms in 
their ditren^ni .^tatijs of preservation still pre^utH gre^fit difiicullies. 

The Jiniitomy of the stem in it*i 3^01 iiig oanditinn h doselv suiiUur to 
that of a recent Pqimcf Hm and thus deviatcH wideh' fmiu tlie Sjkheno- 
phvliaceons type. The iisuall}" fisttilar pith h surroiiinkHl by a ritig 
of collalemi bunilles, eaeli, asi u rule, accoinpaiiietl liy its carituil 
canab in which the disorganized remains of the spiral tradieideH can 
be detect ej. Thus the develop men L of 
the wcmmI was in these cases wholly cen¬ 
trifugal. A certain Pinioiint of centripe¬ 
tal S3deiii is, ho^vever* present in one 
species^ fV/n/raiVe# petf^cjinmis^ from 
the Lower CnrboriifenHis of Scotland, 
lying on the iiKKltdlan" aide of tlie cari- 
rial oniiaJs* In oil except the yonikgost 
twigs II zone of secondary w"ooil utid 
hast, often of great tluckness, lias been 
forme^l h^' meaiis of a normal cuiinbiuni, 
tiie cells of which* together with thost^ 
of the phloem, can observed in favor- 
a hie cat^eh- In it±a:lf (the 

Art/irQpitpjf of (ioeppert) the secondary 
wood is of a siniple structure com par- 
able to that of the less dilferciilialed 
Coniferous wooda^ but usiially w'itU 
iiiorc^ or less scalarifonu pitting 011 the 
traelieides. CtilarTUidtndrm^^ froin the 
Kpper, and Arf/n^odemfro^i from the 
Ijower Coal-Meusuri^ are diiinictffri/A^d 
hy the complex structure of the principal niedullurv" rays, whicli 
contain mitch fibrous tissue in arlditioit to the usual ray-parenchjuiia. 
Ill their vfisciihir anatomy, the EoiU^talos show a marked advance 
nil the SpUenophyllulcs: in this respect thev' reach the level uf the 
^dInplcr (Tyjiiiios|>erjjia or Dicotj'h^oiis—an iriterc,sling i‘xitni|>le of 
parallel development, 

1 he friictificaltoos of tlie Calamariucese of several rlitrereiit 
tj'[.>es, nearlv' all of which .show an evident relation to the welbkiiowu 
idrcibihis of though usualK' of more complex organifaitiom 

They repre^nl several genera deseriljcd as (iht- most 

common; sec fig. 3 ), Cin^uiuria^ Potkocii^'s^ and Acquis- 

edited, Ihe cones of thc^ ty|>es show cousideruble variulion in the 
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EhS, a.— 

of wcfl la Ttmmi 

wliScla Iwmra JUicrHialVo Ti^r- 
Ekllt of bnqrLi ffirl nail pfOat# 
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OTtfrj- iJtntUitP YiTElcll. 
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nunilx'r and position of tho brnots and «paningiopbon*ST (»f the 
Jniter Iwiiig uppamilly in diJitiiift veMiciJs. altonnUinu TFitb those of 
the hniet& The aimtoniieul flianiotara seem, however^ to show an 
utiifinitl r<;lation of tlic*se spuraiigiophorcs as ii'eniral lobes of the 
hriiL-ts. In several i>f the typeii spores of two kinds are ohserveel. 
PothocHt:*, the cuiie of Atr’funrntlamU^, has OJib’ scatteml biiiots, 
while the «)iie of Kquhetitejs thmhttjnntyi is in its siiijerficial dnir- 
flclers distinctly Kquis^etaccons. 

Till* general morphological ngrwitjent Ix-twecn the Eqiii=eUihei and 
SphenophyHales is niunifost. ns shown by the urtioiilated sletna with 
constant verticillute arrangement of the appendages. 
oiiVf'A, the ohli'si of the known Equisetales. distinctly approaches the 
Sphenophyllales in the snptTpiisUion of the verticilfi tiiid in the 
dichotonifl'iisly divided leavist. In many Calamariacem the iiidivltl- 
ual leaves resemble the haves or leaf-segments of the pinrifoiliitu 
SplieiioptiylUims so closely lliat the external characters scarcely allow 
of a distinction between the two grouj»>. 

These, howeverj arc only outward rcsetiddances. Tlic ana loin u-al 
study of the mode of oriffin of the leaf bundles nnd of the structural 
chaiiges attending an increuse tn the iiumljcr of the leaves atfords 
gmnnds for lielicving tlnit ihe mintcroiis leaves of a t'alainite, like 
iIki:s‘ in certain forms of Spheti&phylhm„ represent the segments of 
a xmnJlcr original tiuoibtT. 'I'Jie agieement in the vegetntive organs 
of the two i’hiKi<cs upijeitrs on the whole suBiciently close to la- indica¬ 
tive of real nlBnity. The difference in the slrsteture of the ritele is 
iindoiibtedJy great, but there are some indit-atioiis of intmnediaie 
forms. 

iviien we come to the friiclifinvtioiLS the agreement is more strik¬ 
ing. Till* detailed structure of the sporangia hf very similar llirmigh- 
oiit tlie two groups, and the rcsemblanco extends to the sporongio- 
phorcs. which in the case of in jxirtkular, are prac¬ 

tically tdentwwl willi those of Cahimmtafkya; in the bisponingiato 
SphciinphyHales the ngrcfjiiient is still evident, tliough it is naturally 
diminished in the Sphvnophylhtin, Ihirnmni tyja*, where the spnran- 
giophore has only a single sporangium to winy. 

Tbnmglimit the Sphenopbyllaics the sjiorangiopliori’s appear as 
ventral lolws of tlte sjxiropLyll. while in one st»eieri the dorsal lola» 
are also enlisted for the name sarviee. lliere is anatomical evidence 
that in Caiamoiitm/ii/^t and PaifFostacAj/a the sjMjrangiophores arc tins 
more nr less displat^eil ventrul tipjMsndagi^ of the bracts next below' 
them on thi? axis. The L'ffui«£t.um typo of struhilus (a I ready repre- 
lientcd in the l*aleo7joir* Horn) appears to present difficiilttos, but they 
are not insitperoblc. In ^pkunopht/Uum ffrtih' both dorsal and ven¬ 
tral lohfci of the sporcphyll arc fertile, und if the same displacement 
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took pluw laiiflc'r tlniPe conflidotii^ “we actually find lit 

thorc would lx* ii ticor approudi to the arrange men t. 

Takin;^ till the charnctphs vegetative und reprtxiuetive, into nceoimt, 
the ttfiinity of the Kqiiisetales with the wholh' Paieuzoie |2T0Tjp 
SphenophyHales may be regarded cstablkhefl. ArcA^oc^hmiti^a^ 
thotigii it shows some npprtmch to the Sphenopliylliiles, L4 none the 
less II niflriifet Cnliimarumt while in Cfi^trodt'^bm the Spheiio- 
|jliyllateoij-=: ehnoirters iis evidently prt^dominate. Pf^t iulobomm is 
pixihahly, iu the present state of our knowledge^ best kept in a dis- 
tJiiet ehi,ss, os Xailiorst proiK)f 50 s ihough jx^rhap^^ it has Ihn strongest 
idainis of any known gimns to la? ealled n ProUietilaniavian. 

HI. Psjjjdtaiabh 

II If* not my ptirpoae, under the Jiliovo t leading, to dificiiss the 
highli' doubtful fossllwr siudi as PMhpAyinif ami (r<imph^trobu»^ 
will ell have soinetimes been referred to the Psilotaceie* but nither to 
consider ihe afhnitie^ of the recent group in the light of tiur know I- 
etlgtf of the Paleozoic Sphefiophyllales, The two points on whidi 
tlie r|iii?^inii turns are the anatomy of the stem and the morplioh>gy 
of the spornphylL regards the anatomy, Paiiofum presents a 
nearer aiiidogy with the Sphenophylhiles than any other recent plantt 
the iH>s*ant)I«uce bcitig mopl markod in Uiose brainirhcs wh™? the stele 
is Itjarch atid the ?£ylciLi extends to the center. The disrovery by 
BocKlle thfltt at the hase of the aerial stem and in lidjoining pai'ts of 
the rhiKonio of Pi^ikthttn, a welbinarked formation of B(>condary wochI 
may take place in old plants, strengiUerLs tlie anatomiail iiiiiilogy in 
a striking manner. 

^^till closer is the anatomical resemblance in the reproductive 
organs. For example^ in TiFii^sipt€ri» (the 1^#^ reduml of the two 
pfeiiera of Pgiloiaixae) the development and ventral poHition of the 
pedicellate i^angiujn and the Einatumical relation of the latter Iu 
the aubtendixig sporophyll correspond esneth* to the conditions in 
iJie SphenopliyHales, The re^waurd dichotomy of the six>rophylb, 
discovers I by Professor nionnis, which is so fn.Hpicnt tis clearly to 
fall iiJider the head of iiomiaL variations, wrtainly appear to be? 
fatal (o t!ie idea of any near atTuiily hetwwm Psilotales and the 
LycopoilSj while it strongly supports a relaLionJ^hip to the ^-plieno- 
pliyHak'?^ rather than to any other group. This relariotish[i also 
explains the normally forked s|KJrnpIiyli of Pitthfirm and 
fem/ it may well rt^present the dichotomous form of leaf so 
common in SpAetwphi^Hum. There can be tin doubt that on the 
whole of the evidence there iij a good ca-M 3 for the Sphenophylla- 
ceoiis affinities of the Psilotuceie. The urguments on which ihe 
iximpari^ii of this group with the Ophioglosscfie have been based 
apply with far greater force to the SphenophyHales, and are sup- 
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ported by aiilditioniil cluimclers Huliicieitt to imliofitt? mil rA^ljiiionsbip 
I'ntber ihnji men? maology. 

Professor Thdiiiiis eonsidei's that lio nte justified in iiulndln^ tin? 
PsilotH^^-iu ill tilt? class Spbcnophylbiles, and in this iie U folloifred 
i>y Pivjfes.^or Rower in his works. If we were c.rnniM^lk*i to 

dioo^e Iwtween Sp)3eiiophYlbdi=^ and LycopcKlisiles. T should ceiiaifily 
intdiiko to the formtT alternative, us csprussiiiji^ the nearer sitbnUy, 
bill tile dilforeiH'i?* I»etwwu Psilntiicete and the Paleozoic planl-fci which 
littve hUberto eoiL^iLtiited tlio class Spbenopliylliiles to mo too 

jnfjit to render a union under the same naini^ desimldeH The most 
obvious differenr-e, of coni-se. is llie phylloia^Yis. spiral or at least 
scntlereil in the X^silotiirea? but verticil late in the .Spbenopby Hales. 
Frnrii I he "reat corLstam y of this character throii-^liijut the j^n>iip 5 S 
included under Aiticulatai T urn inclineal to attiich consideralde im- 
portance to it. Purthcr^ on pivsent evklenrc^ the moile of branching 
seems als^i to in ark a distinction between I*silotac:e;e mitl the Spheno- 
phyllidcH, dichotomy of tlic stem tk^cumn^ in the former* but not, 
so far 119 wc bnuw% in the latter. For tluy^? reasons 1 prefer to ti-eat 
pjvihftftn and I'mtitipli-riM as ffirmin^ a class of their owiu the Psib> 
lales, havirjfr nuiht in conimon with tlie Spheiiophyllnles, tliou^b not 
wlifiUj witliimi the !.Tco|iK>iliamiiis afiiidiies^ wliicli have liilherlo 
kiecn uttribiitcd to Lhenii 

lY. LvceroDiiUXB. 

A-«* i-s well know'n, ilie Lyeoj^a>ris of the Paleozoic periml formed 
ntie of llie rlotninaiit of plants^ us sliowui liy the grral ntindicr 

iw>th of spociest and inclividnalsj the lofty arimrcul habit of most of 
theirit and the lu^^h orgajii^Eation w^hich they attained. XVhile the 
hesjl known fcpret^mtalivcs^ the I.4=^pido4:JeTuli™^ were trees* reaching 
a hcigiit of iJO meters or rnoixs there is evicience for I lie contemporary 
eYi-jtenee of small lierbacfKUis pi nuts, re^inbliiig the Club mosises of 
the recent flora^ The exteiJisiA'e genus Ltpid&drndri>n^ which we may 
lake os typical of the eluiis^ ninge,-^ from tJie Devonian U} (he PcmiialU 
The specieTt were trees, with a till! upright sliaft bearing ntiinerons 
d idiot onions brancbcri forming a cmwuit and dotlieil wuth 

nnmerons long and narroiv simple leaTes. ranged in a complex spiral 
or verricilhite jvhyllntaxisH When the leavee were shed* tlieir bases, 
remainctl on the s^cm, and the senIptiiring w ldcb they pre^t'Ot affcirds 
the exlermd dianiclers by wliidi the "‘siiedos*" are comnioidy dis- 
tingnishcd. The un^rkings on tlic leaf ciisbiou and scar are de¬ 
scribed in all the texLdiooks and need not tletain us liere. In habit 
I lie Sigilliirias inusl have Wn (peculiar, for the si;em tip[M?ars to have 
brancheil but spaririglvt or even, In some eases, nut at ulU the long^ 
upright trunk tenuinating, like a ^Canthtfry&iea^ in a sheaf of long, 
grassr-Jike leaver- The wart! uiiuallj* arranged iu eoiiapicuoie# 
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verticttl series, ni^trked, in ii largo swtioti of tlie genus, by the presence 
of proituiienl riLt>. 

Anntomieully, tlio stem of the Lepidoilendrea; is in all easts inoiio- 
steiicv ivith cenlripeial pritnary womU 'vhk-h msiy e.vteiTil tt> the ten¬ 
ter, or form a ring inclosing u intnbillii. TAliila in LcpidodcndvoTi, 
Botheodrndrftn, and some siieclc-'f of llif primary wond is 

(•ontimmus, in other Sigillariie {*?. t/mnardi and .S', ipinHlom) the 
xyleni ring in broken np, ninne or k'ss completely, into distinct 
bundles. These bundles, however, ne^'er pass out into the lenves. 
but in all eases tlie single, usually roHaterul leaf trace is detached 
from the stele without giving rise to any leaf gap. 

In most sixties iliere wus a considerable dcvi'lopmont of eentrif* 
ngnl sectmdary wihkJ, eonsistiug of truebeiJes ond metJuIlary rays, 
with II mnrkeil radial iirrangcimont of the elements. In a few siwcie.s 
(e, g., Z^pidfide lid 1‘iHi liarcourltu tia* first fossil Lyeopotl diseoveretl 
with stnictnre preserved) nn Keroiidary woofl bns yet ijeen observed. 
Almost without exception both primaiy and seeoiidiity traeheides 
UH' of the sea lari form ty|a>- Although the presen re of primary 
phloem can he recognized with certainty, some doubts have Ijcen ex- 
]>re)«:ed as to the prtaliietion of secondary pliloom liy the oimbiiini, 
In L’<‘rtiiiii ensGis {Lt^pkiophiohsi faikjhiomi^ imd LrpMmiendrmi 
olorfdftm) tlw sw>n<lnry xylom tmy bo larf^e!>% ov wholly, 

pjirt^nrliyiiuiious. In i\ll ovon Avhoiv swHjndflry vafucnlm- liisauc^ 

iiiivo not Ihi^re w’lia un foriniitiori of pCfrukmiT 

chiefly in the foi'in of li jjliellod^jmii proUibly produced on thf? inner 
side of (be jicnemtivi; liiyer. 

The |{?jivi?s irihow marked xeroph3'tic nclnptutiotis; the vfiEcnhir 
biindlii wsisii ftiirrouncltHl by a sheath of trndital triLnsfusion tissiiej 
and tho s^tpniatu were contmonly fehclterefl in two deep frroovo^? on 
tlu' Inwrr stirfrtcp nf ihe loaf. In the curious genus or subpeniis 
Sif/i^kirkiputh the leaf is tmversed tlirongli most of its length (wo 
vusc'iilar bundles, ii tmique ensc muong L>"cojmds, AceonHiig to Ee- 
jiaultj the Frenrli ftpecies of this genn.^ is further renicirkubte for the 
oecurrent-c of pitte<b as distinguished from Scwhiriform U'acheides- 

An Interesting feature in the leaves of the Paleo^coic Lycopotls 
is the very general presentee of a ligule, situuteda like that of lUe 
recent frigid a tie, on the upper side (}f the leaf buse and usually 
seated in ii decqj pit. 

Our knowledge of wdiidi rapreseivls (lie subterranean 

parts of the Ijcpidudendrett\ is still very imiJerfect, altliougU fos^b 
of tills nntnra are aniciug the very eonimonest Carboniferous speci- 
mens, lx>lh as casts and |)eiri drat ions. The diflicnlty is that It is 
still impossible to refer tlie variotis specimens of to the 

Bl>eciesn* or even the genus to which I hey belonged. Stipififirh bus 
lion found iu comicdiou witli the steiOB both of ^igUluida and 
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L4*pktoikmfron. 1'ho niorphologTi' of Siifffnaria Un.H bwn ninth difi- 
i¥) far a,i thf? nuiin uxh is conconiiKl tho lic^t antilogy, thnugti 
[i suiiiuwluit ri'iiiote otit\ npjtefirr* io l>c ^viili ihn i"Insiophi>ri\s of ^?oln^- 
ti€?t1u; tLft rocitltLs^ ^^'liidi have a totally tlifftreot Hlnittunt, ttf^oc so 
nearly with the nxits of sf^me retent LyeuptH^s jiiid iSV7ff//i- 

ndla) that there seenn; little doubt to their humologiefi. thonjjrh 
thvjr i>Lviilinr iUTangeiiiont Iuls leii Eioiue atithuts to iriterprel tlunii 
niodihwl leaver. 

The lA'pidcrfiendreH? are a well-characterjzod ip'oiip, a.s to tlio 
nftinitii^ of nhitrli iher^* aiji lie no doiibU even a part fiiiiii tlie evi- 
ileneo of friictitirntiou. Hie primary aiiiitoiiiy is of !iimple Lycro- 
podiKR'eous tyjx?. comparable to tliat of the aerial fiteui of jSdugm^lIa 
sphii>Sia or £1 hrfp,t sten] of —the liigher anatomical orgnsit- 

z^itioji is chiefly espreyed in the 'naieral uceiirrence of jsiKfoiidary 
grtiwlli* Except for tlic very dittereriL nrmjkgeriiciit uf the foliar 

Irncpif tliere iK a certain rf^iuhlnncti 
Iwtwipeii the i^teinr Ktructim? of a 
Lt'pitlitftrndr&n Eiiid that of 
roitfmhHii nmong the Spheiiophyl- 
lalm Otherwise there is little in 
the ve^^tative eharnrters which 
thrcjws any new tight on the affini¬ 
ties of the clii^=is. 

Ttie fnietifieationflof IheLcpido- 
dendreie are groiiptnl under several 
generic tiaines. In Lt^pidmiroini^^ 
the most extensive and oldest f!S- 
Kiihllslii^] nf these genera* tlie or¬ 
gan i^^at ion is eA^nfially that of a 
Lycopodinceems com:, 4 .) 

The axis* resembling a vegetative 
twig hi stnictnre. twars iiLinicrana 
ffpinilly iirmiigwl sporophylls^ each 
of which Lifi^ a i^^iogle large sporatigiuni on it:s iipptT surface, nt- 
taclied aliuost throughout its whole length. The sporophyll has 
an upturned ktninu, between which and the end nf the sporangiuni 
a ligtile is sitiiatiN:], showing that the whole of the long horiiw>utal 
piHliccl on which the sporajigiuni is seated (Xirresponds to the hai^ 
of the vegetative leaf. The ^^porangiiim, of leu of very large dimcn- 
sioti« compand wiUi that of a rec^eni Lyt*opmi commonly has a 
pnliftade-liltc nuter Wall. It is nlm^>^■t ecrtaiit that all 
nere hoterui^jmroii.'S the micrtDsponiTigia and megus[xjrangia bedng 
sometinii^ prcKimxMl on separate sooietimcs on tliHeront parts 

of tlie saiJic cone^ us in recent The ijitcro!^pore?5 are 

very small, while the megaspores aix of relatively greot sisee, often 
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I or c^ven 2 ruui. in Jinmeter. BoMi tetnihodra] in fijmi. Al n 
point eori'fispoiidiiig to tUf ii|x?x of llic totriihedron the megugpore^ in 

cu-soii, ojH.-ned Viy ihp^ often highly develojsetlj forming a pas- 
iijige, through prej4umabiy- fertilization was effected* The 

proLlisilIuei witJiin the niegaspore of is occasionally 

found preserved;, and the anrliegonia have even IxH^ri nxoguked- 
I'hc ci-Mies of Sipitlarta {Si^UhrhiftmiiUif) als> are heteroFijnsroiis. 

In the ooncb- known as iS/M^neerit^it the large s|^^ri>raiiginm is attached 
to the bntct or sporaplivll only nt its distol end by a narrow 
enervate neck. The sjxjres are furnished with it very charncteristic 
wing, which pi'obably aided in dispersaL 

TIk' most interesting* liowever, of the Paleozoic LycoprKlineons 
frnctifit^atioiia are those which show' a near tippi-oach tg the produc¬ 
tion of -scetht. At present two gen¬ 
era are known in which the inega- 
sporatigliiTn nsnunaed a :^d-like 
clnii'acter^ — Lepldocarp^fi and J/i- 
In Leptd^iSitrp^n the an- 
atomy and morphologi’ of the 
megasporangiate cone^ in its young 
condition, are in «ll respecls those 
of an oixliiiary LepIdi^AlrohH^. 

The inegiispoi'angia are altaelierk 
in the iistial manner^ to the upjier 
surface of the siioi'opliylls, which 
nvfi provided with ligules, as in 
Li pido^trobii^. The palisade struc¬ 
ture of the sporangia! wall is also 
the same as in that genm. In 
each megaspom ngi urn, h owe ver, 
only a single mega spore came to 
jjerfeetiotu filling pnictically the 
whole eavUy, like an enibryosaci 
its tliree sister cells can often be 
detecte^l in m idigrtive condition. 

At maturity the mega^porfingJiim was inclosed in an inlegumeoL (fig. 
g)* springing from tlie Mp|3er stirface of I lie sporo)3hylh and forming 

II corajdete itivestment to the sporaiigium, except for a ubitow crevice 
along the Io|j, comparable to a micropylp^ but of great length, corre¬ 
sponding to the radial elongation of the sporangium. Within the one 
functional mega spore a prothultn!i was developed* which is sometimes 
excetiefiLty presierved, and was already present in the earlier stage of 
the megnspfjraiiginm lief ore the Integument had Ixcen formed, Tim 
sporoj>hyll, with its nitegumented megaspora.ngiiiiii+ was shed entire^ 
and appca,rs to bave been iiideliiscenti TTie a u a logics with true seeds. 


TTl 
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m die inteuiiitieDt, the sririgle lAtirt the irulehisLi^Dt dial"- 

ncter are erident; we nre unfortunately wiihout uny evidence as to 
the stage nt which fertilizadon look pluoe- The foi^iJ htia longdwen 
known* but wjis formerly eiuifiisjed with the ftyiiinos[x?riiioiis seed 
C^irfJi^arpont with wldch, of it has nothing to do* JlicrcH 

e|JorangIiite coties* probably belonging to Lcpidi^ar/mi^ ai-e inEli^tin- 
guif^iable frotij the cones of n small Lcfpidf>,strobus^ except that llicn^ 
are indicatiOLLs of an incomplete iiitegiinicnt aroiuai the tnicroiFpo- 
mngium* 

In Mktikjtmh^ die other gerni-^ of cjuasi-sjiennciphytlc LycopcMl^ 
the aptjrophylJ l)ear^ a ligtik exactly like that nf the vegetative leaf, 
and the lamina is fringed in the same way at the margins^ Tim 
megir>pnningiiim is attacbedT »t the proxiinnl end, to the upper fitir- 
face of the sporophyilp ami contains a single megaspore* tilling its 
cavity* BxteitsaUy the niegns-pcirangitim is inclosed in an iiitegii- 
inentt springing from the npijer stir face of tlie Sfajcophyll, and leuv- 
ing oidy a narrow luicropyliir opening at the distal oiid, nut at tlie 
lop as in LepiJtirmy^n^ The Integiinient l>ears long tentacliM^ 
directed forward* wdudi tnay have playtH] some part in gnifling Ui© 
wjntldjorne jiiierotsiwreii to the nueroiiylf'. 

There is tin lm a general aniilogy with LepiJoi^ii^*pon^ as re^rds tho 
essential seed-like features^ hut the striicturie is quite dilTereiit in de¬ 
tail* <)f the two the M4<idmmm fructification is f^erhups the more 
advanciah for llie ?i>n>ningial wall is less develo]>iul than in Lepid(y- 
mrpaiiy an indication tliat the pratcetive function had fawn more 
completely taken over by the inlegnniwnt- MicroiTporophylis* prob¬ 
ably referable to the same plant, hove been found. Tliey agree w’ilh 
the megusporopliylLs £ib regard?^ the insertion of the spomngiinn. but 
no inicgiiiELent is developed. 

1( is reniEirkahle tJmt sreil-like organs f^lmuhl have beiMi found in 
two genera of Pnkw.oic Lyco|Hals ;^o dilFerent as Li'pki4i{:rirpfffi siiid 
^f wde4tfrfl{ty in each of which the chaeicter no doubts Inive arisen 
independently* We ran only conjecture that tliD circumstanctis of the 
time may have l>een peculiarly favorable to the adoptitm of the 
jiced habit. Tile early development of the prothallus, iii the ciisc of 
Ltptdo^airfXitiy makes it very probable that pollination^ if not fertib 
izatioiu took place on the parent plants but we have no direct evidence 
on the sulijccl. One striking iliiTerence from a typical seed is the fact 
that in both geticra the whole sqKirophyll was shed with the iticgu- 
sporangiiim^ and formed part of its investment Analogies with tlie 
acheiies ntid ntits of Aiigic^iientis are too remote to l?e of service^ aiu! 
we must iidinit that in these Palerwoic LjcojMjds the participation of 
the sporophyll marks a low grade of evolution. In fact U is 
evident that m eveiy' mpcct the smldike organs m question* oven if 
they were functionally iiiecds* still stand very near iho Crypt ugumic 
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tyy>i^ 111 thi,s tlic-y tliiTLT slrikiiigly frotii llie of ih 4 ^ PturofK'kiii 
whieh evon in the earliest knowii e\;implei; are iilreitdy highly 
liiffercntinted with little iriict* of their Cryphigninic origin. 

Tlmiigh there to l»c no evidence of uny rehition 

between the seed-bearing ^ Lytopwk and the higher phint:^, the^ 
euriaus fnietidcationi? lu'e of great interest* for it is only in Lrpido- 
catpon and and, in a dil!^ftait ■way, in certain species of 

^StliiffiTiaUn at the [>resent day» tinit we are tible« as it were^ to ohserTe 

ti Hvi'fl iit ^ifijpceftc//. 

A> regMtd^i the relation of Piileozoio to rnKeni ljyeo[}ods* it seems 
iiiosl ]) mbit hie that I hr laUer were derived* for the most part* frtnn 
forms (jierhaps snch as Lpi^poiikt^^] Avhidt have always been herba¬ 
ceous?^ rather than that they are the redtiqed descendents of arlioresceiit 
IjcpidodeTulr™* U is postihle, however^ that the Trb-Ssir genus 
Pleurom^ia may represent a link Ijctwcen the latter group and the 
rtHiuit wliieh* of all the living Lycopods, appears to have most 

in couimoji w ith the LepidcNlenilrrie. 

ttft: MVaTEM.VTIC Uf" l_VrOTOlBA- 

AVo Imre now to consider wlieihrr (he claF^ses groupcs:! together in 
the Lj'cnpsidfl really" form ii natural afssoriationj more nearly related 
iiin{>iig tliriiiiielves than to otitlt'ing familit^ of jdanL^^ So far as the 
SpheiinphyHales and ICfjuisetales are concerned, llie afRuUic^ an^ cle-ur 
and imdmibLed. \Vd have also found reason to lielieve that* in a ililTer- 
ent direction* the Splienophyllalesi show an affinity with the recent 
Psilotales, It is imfortunate that we have as yet no certain knowletlge 
of the geglogical history of the Fi^ilolnles themselves; it 5^ not to lie 
hEipfH'ised that they ^p^ang from the Sphenopliyllales as actually 
known to ns, but rot her tliat the two grion|>s hitd a cotnnion origin, 
Tlie wmie remark applies to the Efjtii.seiales, which, tlmugh nenrer to 
the SphenophylluceDiis ty]>o, cun not liifcve l>een derivcfl from any of 
the speeiuliatHi fomis of which alone the rrmainii have cpme down to 
us* The Sphenophyllales as repreiflunieJ in the Carixmiferous Flora 
are bvai reganlcd as the last, highly iiiodified, members of on ancient 
synthetic s^iork w hurh in still earlier iituea apfiears to have had gimctie 
Ti'lations tr> rarions other Ptcrldophyiic phylup The Devonian 

though at ivrescnt placed m a class^ of jtsovvn, may well havw 
Iwlonged to tho same main sTtock with the ^phenopUyllales* 

The most difNcult ipicstion is tliat of the relation of the Lyco- 
podiaks to this ph3duiiu Anatomically an affinity seems indicated, 
for the .simpler pfotostelic Lvoopods agree ver}^ nearly with the 
Sphenophylkceous U*i>e of iftem stmclure a.^ represented in Cketros- 
trahuifn The Vf^rticillate armtigcment of the appendages and their 
v*ascuhir strands iwaircely causes any diflicaltvs fov it frequently' 
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CKCiirs amon^r Lycoixaly^ |si-{>ljii]j'ly noi in ihv forni of suixh”' 

posod whnrk. In tht prevailing' f^implr f^tnicturc, both of the leaf 
iuhJ of dll' nepixKliiclive appat^iitii^. the Lyeo]xxliul«?i differ widely 
frtun ilie SphenophylJalef*, In these diarocters as well us^ In other 
respects the Lvwpixls ctmir^tiiute a woiKlerfnHy htjmogi'fieouii gtouij* 
fl<i neatly rtaiiulecl off as to give Jittly holi] for tiny hy^wtlietical link 
H'ith other clastres of plants. with its ijoiihle foliar 

bimille. departs in some degreis frtm the typit:ia] idmplirily of slrnt*- 
tiin*, but there h not the slightest reason for regarding this pecul¬ 
iarity as an oncestn^i dm racier* * 

In certain resjieets the Psilot^kleH tend to connect Sphenopbyiluhis 
with Lycopods^ for Avhile anatomy and iiior|}lioiogv'’ alike indicate a 
nearer affinity with I he fotroer. some relation to the latter rniiy no 
doubl be traced in tbe anatomy nod liaiiiL. Tn ^fpilc of ibist tho Ly- 
copodiiLloH n/nakiu a very isolated class, and tboujih some connectjou 
with the ancient phylum repre^‘nte<l by the SphenophyllaleA ap|Jeflr^^ 
pnjbuhlt^ the cofniiion stock mnst lie very far Ijackp Whether tiie 
mmplr n^ation l>e1wecn Fporangium and sporophyll which diuracter- 
izes dip Lycapod series h nntiATj or a^^rpiinKh may \x^ kfl an oi>fii 
quL=?^liun. The analogy of the Pai lotahs rather suggests the la iter 
iillernntiva. mid all coinpiirative nioriihologji^ teacher how often pro- 
gresa consists in simplidcation. 

On the other haiuh while not agreeing with Professor Ugnier ns 
to the isotaiion of tJie SphenophyIkies from the Psilotales luid their 
cJt>e affinity w'ilh the FUicales, T admit that a rdation lietwecn the 
SplienophyIkies and priiiLitive Filirhieie may Ix^ conceded as prcilj- 
able. TlAuugh the main dhisions Ijycopsida and l^lenipsida have 
been adoptcil hero as conveniejit jis^cial iims^ Tam inclineid to extend 
the synthetic iiew of the ^^phenophyllales so far as to ad;uit tlial 
they relniiiiHl some characters, such the veti&tion of the leaves, 
comiuon to Uie Filicincaii iihytiim. 

lb IVmaH^iinA* 

V. FlUCALKfl, 

Tlien? Lq no part of fossil iHJtnnj in whifih tliere hiiTo bM5Q snch 
rvvtiliitio'narv cliiinjoins within a verj" short pt*rio(t in tlio ciiiestion 
of till' position of Pale«M>ic FeriLs, Till within tlip Inst tliiw years 
Uic I'ems were nniversalJy re^rtlecl ns forming" oiie of the riniiiinant 
classes of Pnleojinic plnuUs—in fni-t, the most floniinnnt of all—ontj 
this estimate of their iinportance v it I be foiiinl in zill the text-b<K*ks. 
AcconUng to the comptitiitions of s^-stenmtists the Perns constituted 
iilniost exactly one^hiilf of the kiion'ii C^rtwniferoiis llajti. The 
position luks now so t-ouiplctely cliBtigCk] that PrnfcHior Zeillcr, ihiin 
whom there is nu higher aathorily, wrotCj iit Angnstj IttOn. that the 
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Ft-HLS of the Pjileoaoii] ” ilicy proluibly not 

f'litinfly iibn^nL fH'riipie«l (m siiLu^^tht^r sulMirdhmte 

Tlii*'ginimd fur tliu mdiail change of vkw ^iliieh ProfesRor 
Ztiller.’S T^ortk indiciite ia^ of tutirsis to Iw found in the rewgiiitton 
of tlie PteridospomiSj clns^s of jihintjt, to whidi, it-s it 

now (ippf>iir^ the gn^sit iimjority of the stjpiMibcd PidtK>zoie Fern-s 
Indohg^. Pnjf<^»r Zt'illev further points out that the rechiction in 
the imniber of true h'ernu Iwconw-s mrim marked the earlier the perhxJ 
to wliirh we go bank; the Wesipheliarj Flora is already l&ss rich in 
tnar Ferro (liain Liie Steplumian. and one may aluiwt nit^^ the i|Utei- 
tioii whether, in I he epiTi^^kn of the Culm and iho Devon iun. Fenis 
readly exi^teil. Mi\ Kidstnn^ writing u few iiinnthH later, lirnh no 
eviclenoe of true Ferns ladpw the iliddle Coal ^leamjreii, and *xime3 
to the condiision tlmt the Cycadofilites {PUiridospernLsl *‘liaug ante¬ 
dated the adveiit of true Ferns.'^ ft may lie jHiinled outj however, 
that under the name ""true I'^erna Jfn Ividstoii tka'S not ineliule the 
Botryopterideie, wUidit he himself ret'o^ui^ses, ore certainly rep¬ 
resented in Ij-urer Carkiniferoiis roeks. Tins fLimily* in fad» hfi-s 
eome \o cicrupy an im]aarEanC position* for in the present stJite of ilnr 
kijowlrilge it represents the Imst-attested group i^f I^ahmuie Ferns, 
Alnnrit all I he well-kTuwvii and strikii^g gimeni of Feni-like fronds 
have now' come under suspicion, and eiiiinot Ik? accepted irs ulTording 
in theniK^lvps any evidence for the esistenca* of FVrns, as dLslingusher! 
from I’ern-liky Si>ermnphTta. The presetioe of seeds has been uetu- 
aliy denioiLstratoii in members of the gmiera fiopt*rrI^^ XrHp/tpfc^ 
r/#* Attaintitm, and Pecopf^rtH^ Ihe erideice us almost equally con¬ 
vincing in the case of Alfffh^pterk; in ninnerous other genera* such 
ns Odmttopla^rt^^ Lm^fpterh^ and Lontrhaptfjris^ all the 

indications art' in favor of seeds having been iKumc, though at pre^nt 
there may lud Ije mndi beyond a^smeiation to guide us. It in highly 
probable that some of these form gii'iieni purely artificial a-s^wda- 
tions, whidi include Ferns as well as Fem-likc seed plants; in Pfa>p^ 
/irn> es|>eciall 3 % while one sim-iei^ /\ PhicktmftS, iiudoubtedly Imre 
RCcds, as (rrimd 'Eiiry has showm, many othei“s slnuv the \velbknown 
friictiiicalions commonly n?parileil as fhoHc of Miiraiitiaijefius Fems^ 
Even in the latter cases, however, the fjnf>siii>n is not fm^ from 
diftli'kilty, for. rtwiit work has jmiVLKl that some of the BUpposctl 
Marattiiireous fnietlfication.>^ wen.^ in reality tlie microspontngla of 
PteridosjKwms, 

^ PBxuDrii,iag:a* 

The family Doiryopteridcee on present evidence appt'ar^? to have 
lieen representative of a comparatively simple type of FHicinesCt of 
great antiquity'. WTicthcr we call them “true Fems^ or not is iiu- 
material j they certainly do not Ijehing to any of the existing fomiliesi 
Uioiigij tliey show relations to titem in various direcUoiut. 
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Ill the genua Iiolr^oi^it'rt\ tyi>i? of the Ilc^tryuplerideiPt the stem 
(prolmbly rhizome) has ii renifirkiibly i^iniple stnaetiirw the ^ele 
eonsiating of n niolid strand iif tmelieicjea z^urroiiuded by phloem. 
The mktivelj large petioles^ l>ome in a erpiml nrdcr on the steni^ 
i^jiittiiti II aiiigle bundle^ ivith a ehtinirteristic truo^vense 

lion. The atein also iKini uiiLieroij$ diarch adventitiona roota^ an 
Indicalion of ita rlji/xorne iiature. 

fn all re-apecis the chanittei-s of the vegetative orguna were tho?>e 
of a sLniple type of Fern, otiiiipflJTiible, as I^etiiiiiJl: iil once recogniKed^ 
to the mient llymenophyilneea^ The frijct ificrttiona confirm the Fill- 
ekieaii adiiiitie^ of tlie but at the i^ime lime show- it to be very 

ditfereiit from any Fern nuw^ Bving. The sporangia, dtaij^aely gi'Oitpeii 
ii] tuft^ Dll the naked racliia of a modified frond, iiro ol large abce 
(1,5-2 inm. in length) and aie eharanterized by the broad lurmulns, 
forming n longitudinal band many cells in width, running the whole 
leiigtJi of the sporniigiiim on one side. No 
* very close nmilog^' for this blmctnrti is to lie 

found niiioMg S‘eeefit Ferns, though Ihe areola 
of the OsmuJulBciwuis i^jionvngjiini may l>e 
rcgariieil m a KliortoniHl nmliiseriaic annu¬ 
lus. fn ^Tyr/rt/z/fr/rf we have a min^h iiiom 
advAticcd ty|je- The stele luis in hsoiiie 
ries n stellaic ronlnur, tlie prominences eor- 
ivsftniuJing In the inserlitm of the leaf Irares; 
liie wofsl hi of (mmploji: structure, tkie liirgur 
elemejils foriniog a lirnuil e sterna I zone, 
while the interior is iK^eupied by a syateni of 
Miialler traeliridps intermingled with pareti' 
ehytjuu In 111 is rea|xs:t there ift a striking 
agmmiont with the slrnetiire of some Hymenophyllflcefr {e, g.. Tri- 
rhotmmrj* lYiJrcnfor and T. f'cni/urj?j#r), an agreement which bi nuieh 
emphasizcfl the fact that in stn'ciul spcides of Zi/ffoiifrrh the 
branching was as ill ary, exactly ns in the i^jcmt fninily. In Zpgi^p- 
ferh rorruffafu^ however, the tiranching was more of the nature of a 
dicliotnm 3 % The well-known doiihJe-auclior form of the peliohir hun- 
lile is elinrucrcristic of the genus. It h rtire to find any iratjcn of 
the lamina m |a.‘trificd specimens, hut a large bipinnate frond with 
flal)cllilorm Icallets isas lieeii referred on gtxKl gmiinds, to the genus, 
QTuler the name of Ztjgopt^^riH phtiHjta. The sfMJrangia (fig. ft} ari'i 
liorne on a special fertile frond; they are chnrudcriKed by the fact 
that the hmad, nnilti^wiate aimuiii.^ is present on both sides of the 
pyrifomi si^orangiimu 

The genus includes fronds of Spheriopteroid habit 

bearing sporangia grou|>cd in circulur sori, recalling the synangia of 
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certli in Marattiarefr; but carli s{>oningium hm ii mullbeiiute annulua 
closely resembling that ot Z^j^apfens. 

Other gonem whldi on the cinmicter? of structure may lie 

referred to the liotiyopteridefe are sin^fifrAoroptf^m, 

EinJ I’uhkauii^. The earliest of these (*-li?^ffni?<?A/«r«a) dates fnmi the 
Upper Dftvcniian. 

The neir geiiuSy Botrtfcklo^ylott^ Iiils the elements of Ita outer ?Aiiie 
radially arningiHh const it utingii lo all appeariinro, ii sccoiulary tissue^ 
juht Fis is the cas^e in iiiiioii^ recent Ferns. Aiiiitortiically 

shows a relation to Zy(fopf<^nHj like that of iiotry- 
ckiuTit lo Ophtaffioi^Hinn- On tile ehanicters of the sporophylLs ami 
sfKirangia the nearest comjiarison of B^dryirAroitf/ian a[>pears to 
lie with the OHiuundace^e and Op>hioglassace^l^ while the anatomy and 
mode of branehing of ZyyopUrk sliows tlie clos^est analogies with the 
Ilymenijphylbeeav The group has been considered as a synthetic 
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one, not improbably repiwmtitig tlie Hlcjck from which some at lenst 
of the families of n?cent Ferns were derivedn Hr, Arber n^gnrdl^ tlie 
Botryopteriden? as but one important family of the ancient race of 
Ferns to which he gives the general name of Primohlioes, and con¬ 
siders il nioiX5 tliaji prol>ahle that this race giive rise to the I^eptospo- 
raiigjatte, TSie relation of the Botryopteridea*j or rather of the Pri- 
niolilices in general, to the PteridoH|ierm^ is an important question to 
which W'e slmll return below. 

Other tyjjea which we may safely assign provisionally to the group 
Prim ofi I ices include Stituroptf^rlut and certain j>etTihed spiorangta 
which an nnrLuUiH or other chametei's itulicating FiMcinean 

aflinityj and which T have therefore designated Pfethiotkdea^ Tlie 
sporangia of A^ieruh^htm Williajmmti sire home in sort on the in- 
eurvetl niargitis of ii mudi-flivliiled leaf, appamHly of Sphenopteroid 
form. They are sessile, with a nnilticelJular liase, and elii|isoidal or 
nearly spherical in form, though their sides arc often Ihittened by 
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mutUfil preHsnji'e, Tlis wulL uh is usunllj one cf^Il tbi<^k nnd 

is pm^ided with n coospicuouii uiiiiiiluiij oxttMiding purtlv round Lliw 
sf>onitigiutii, find, when enl lengthwnys, strongly recalling the fa- 
miliar PolyjxxJiaceons annulus. (Kig. 7-) Transver^ sectinnsj how¬ 
ever, show that the annulus is really two cells in width. The spores, 
often well preserved, are muneroiiSt and of one kirn] oid}". so far as 
observeti. Xo clear ease of a nidi^riato annulus m Fern sjjomngia 
of Paku>Koic age has yet Iwn denionstmtwl. 

The forttmatc di^scoverj'' of the germ ii tat ion of spores, with the 
development of u prothallus and rhizoids wdthinithe Eporangiiim 
of Sffiiir 0 pieri^ Oldhtiium, is good evidence that the latter, at any 
rate, was a true Fern. Another sinular though larger spornngium 
containing germinating sporE?s b probably abo refemble to Siijur<^p- 

Tlifi probcibllity is in favor of an affinity IjetW'een the genus Stuu- 
rt>pteri^ and the Botiyopterideas though Lhe spctrangiol charuetei^ 
scarcely admit of a definite reference to that family^ The discovery 
of the gpmninating fqxires just metiiioiieil much strengthens thc^ con¬ 
clusion that ilie Bt>tiyopttridru? and allied PaleozA>ie plants wi^re 
really metubei^ of an ancient race of Ferns- 

eiir;®iMsciri: wahatti acei:. 

Xn rondnsion in Paleobotany Ims met with more general ficcept- 
fliice ihoiti tlial nf tlie prevalence of Marattiiiceoiis Ferns in the Car- 
Wmifcroiis Flnra* The evidence is well knownt nurl nee<ls only the 
briefest recapitulation here. A iy[imbe.r of fnictidtiTitums, such as 
S€Qit.iri>pterh, A^ierot/tei'a.. etc, (see fig. S), 

agreeing closely with the synangia of recent Maiiittiaceac!, have l>ecn 
found in Htfu on fronds of the Pcpopirritt type. In some cases the 
minute si rue lure of the friictificutioos can be studied in petrified 
ppcdinens, and cniirely confirms the inference ciniwn from estrrmd 
rharuclers. It wmdd be diffimiU, in fad, to find clearer e%ddotire of 
affinity betwfH»n a recent and a fo.ssil group of plants than h alforded 
by thi^ iynangiaH Hut this not idt A mimlier of |jetrified stems, 
foniilitiiling the genus are km>wu, in which the anatomy 

ha.^ l>eori fully investigated, anr| pnives to agree more nearly with the 
btriicture of Manittiacew than with that of any other group of phmts. 
The anatomical agreement hukls g^M .l in >’]>ite of u considenible dif-^ 
ference in habit, the fiissi] stems (known fis 

ton^ when preserved ps casts) having attained orUireal staiure, 
Ih^cent investigation hy Itudolf, of the structure of the P^sininii, 
with special reference to their 11 :1 at ion to Haiuttiacen't further rtin- 
fimis their affinity. From the evidence of eoiriparative striietun^ and 
ii.ssociation it a]ijjears certain thnt the Pam-onh.^ stems bore the foli¬ 
age of PiJCi^pteris^ of the same nature as the leaves on w'hii“h the 
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various syiiaii^ic frurtificAtions abo^e mrntianed buve l>een ffnind- 
Thus wt! have to dcj with a of plnni^ ^sliowiog affinity with 

Manittiaccw?, alike in their anatomical ^tructtire and in the elmrBcters 
of Llieir i-epriMltictive orgaiiK* Tlic ctinclusion appears to be i]na>- 
6ailablL% and yet in vie’M’ of ilr. Ksdstoors discovery that ti typical 
Crm^ffthtca was born on the fronds of S/t^tcnt/pkris 


showing til is fructilV 
catiaiu which would 
previoibily have 1*eon 
cliissed as Jlafattiace- 
ous^to hftTeconstitateil 
the polleii-lionrinij ap- 
piiratns of a Spenno- 
phyte, aiitl of the fad 
that the CroEsotheens, 
as II ^roiip, invfdving 
several sptx'ies of /V^ 
coptenffj will no doubt 
prove to bnve iM-eiti of 
the same iiature^^ we 
can not, in tbc pres¬ 
ent state of onr kmnvl- 
wlffe, feel sure where 
the enoroacimients of 
tiie iHeridosperms will 
stop. Considering the 
n n at omical evidence^ 
however^ it seems im¬ 
possible to doubt that 
J^oleoKoie Marattia- 
ctw act Hid ly esi5?Te{h 
f(jr the type 

of stem is altogether 
Ferndikc in structure 
II nd none of 

those aniitoinJcal fea¬ 
tures by which the 
Cyradofilices were tec- 
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(>gni^,cd, long Indore the ovidence of fructification led to tlie founda- 
Ijiiti of the cIiLS^r l^teridospertnea.\ 

For the pn^nt, therefore, we muirt continue to actrept the esiidence 
of a (^rtaiu niimlM*r of ^hirnltiaceoiis Ferns, especially in the later 
CsirlHonifcroiia and Permian [>eriods, dicmgh we may not alway-- lx‘ 
ahlti to tlistingiiish their frtiLiiiicatioiiii from tlie jiollcH-bearing organs 
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of Fem-Jikfi seed plants. Whether this surprising similarity is 
merely a c’fisc of “ puraUelism of development.'* as Mr. Artjer suggesU?, 
or is indicative of nirmity, must be left an open qiiestioti. A direct 
afUnity seems improbable, but it must be rememljerctl that in Corynep- 
terin we appj’or to have llic sporangia of Botryopieriilea? grouped ui 
.syiiangia like those of Maraitincea*, and it is pot&ible that in 
Stitrkih (fig. D) we may have another case of the aume kiiuL It 
is therefore a not improbable eonjecture tijat Marattiaceie and Pierido- 
spemiete roay owe their synangic fructifications to common descent 
from a primitive group of Filicalcs in which the diaracier had al¬ 
ready appearetl. 

From what has bceji said above, it will lie evident that our knowl¬ 
edge of Paleozoic Femfi is now in a transitional and somewhat «n- 
KUtisfactory condition. The old ideas of their predominaure hitve 
gone, never, proliably, to return. There is mi longer any presumption 
that a Fem-likc frond really belonged to a Fern; even where some 
of the reproductive characters fpchi to point the same way, the infer¬ 
ence, as wo see in the case of Cnmotheca, may be quite fallaeious. We 
now have to seek laborious]i' for evidence, ivliicb formerly seeniwl to 
lie open to ns on all hands. 1 believe, however, that such careful tn- 
vestigntion will re^iult in the resuscitation of the I'aleozoic Ferns as 
a otMisiderable, though not as a dominant group. The [wtrilicd mute- 
rial, on which we now have chiefly to rely, indicates tli« presence of 
true I-Vms,* not niily in the Upper but in the Lower Carboiiiferoim, 
and if this is ?* there is no reason to doubt tbnt they extended buck 
ns far os any Vascular Plants. Eventually wc may hope to be able 
to recognize them in the form of impressions, though now it is only in 
rare cases that we can distinguish such specimens with certainty from 
the foliage of Fem-likc Spennopbyta. 

At present our knowledge of the Pidcozoic Ferns centers in tiu' 
group liolryoptcridoft’, the lype-family of that ancient Filicinenn 
stock, which has now coma to be of supreme interest in the geological 
history of Vasetiliir Plmits. 

V^^Ih PTEKTttOSrieaMELfi. 

Tn r<>ripwin|Cf the tiitmuntMl ranks ot ihc ralenzoio Ferns, it has 

often been necessary to refer to the contemporary Fern-like Siwrm- 
ophyta which have so largely displaced them.. We have now to con¬ 
sider. as briefly ae may he, the evidence we possess os to the nature 
and extent of the Pteridosperme» and the justification of their exist¬ 
ence os u distinct class of plants. I do not proposer to trace historically 

* I tlilK |>lliniw.v n<H In Iht* 11ml tod sense! In wlilrll KlJston it+ 
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the grow til of our know ledge, htit rather to attempt :i concha titiite- 
ment of the pre:sciii position of the question. I will begin with the 
Lyginodcrulrew, the type niember of which. Otfl- 

hnviium^ has now' been investigated in all its part's* 

LTUI?rCH>£I^nHII^ 

The of Lyghiotltmlroa Ohlhamium presents a structure in 
wiiidij at first sight, Cycadean tharacterri appear to predominate, 
(PL I.) Tilery is a pith of considcmblc size surroiiiKled by a Kone 
of w'cxkI and bast, with a layer of cumbium, sometimes perfectly pi^e- 
served, lietwoon the two; the greater part of both wood anti phloem 
shows a regular radial i^riatloii of the elements, and is clearly of 
secondary origin* the htrueture resembling that of the corresponding 
lis^tcs ill a iticeni CytmL Around tbo pitb^ however, several distinct 
htraii<1^4 of primary wood are evidentg a character not met with in the 
Vegetative stem of (yycadi?. 

Tht' priiiiary xylem-strands l>elong to llie leaf-trace system of the 
plant; they pass out through the Kone of secondary w^xxl into the 
ja^ricycle, which they tniverai for some dUtniicc, here* i>f coum^ 
ass Liming the character of complete cuUateral bundles. During it.H 
passage tUrongh the pericycle eucli leaif trace divides into two. Tlir 
leaf-truce bundles of Lyghodeniron have precisely tho structure of 
the foliar bundles of retailt Cyeads., for their xyletn is of tho mesarfili 
tyfx?* the centrjjielal portion exceeding the centrifugul in amomu. 
The occurrence^ of this structun,^ in llie stem of suig- 

gcirted a search for niesarch bundles m axial organs of Cycadaccie, 
and they were found to occur iu the peduncles of the mnv^ of 
geria and x^me other giuiera. It may be pointed mit that tlio tra- 
c-heides of like those of uboofst all Ptcridoisperuis 

investigated, are diaracterized by miiUiseriate bortlered pit^r. On 
pi. 1 is shown the general structure of the stem* which need not lie 
deficribed in further detail. 

In its usual iniiture condition the slrnctnre is thus* on the whole, of 
n Cyeadoflii ty|>e; in tlie fortunate cases, however* where a young 
stem, K^forti secondary growtli had begun, has come under ol^serva- 
tjon, the rescmblanot to the stem of an Osnuindaccous Fern is very 
striking. 

IVhen wo coma to tho foliage wo tind that Fern characters alto¬ 
gether pnKlombiflte, The petioles have often been found in ctjnnec- 
tion w'ith the stem, on which they i\m usually arnmged in a ii/5 
piiyllotaxis. The foliar huiidleis^ on eulering the petiole, become 
more or less fused, and assume a couoentric stnictiire* which they 
maintain throughout tlie rachii^, liecnming collateral aguiu in the 
Icatlctjf. The highly compound foliogc has long been recognizcM:! us 
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idc^nticiil wiih thnt of Sphen^pieriji Il^mnffhaui^t^ a fact whidi Mr. 
Kkliiton has ivc^ntly demonslmted by u detailed comparison. Tlio 
uiaiii rachis forked at some little distance from the. base, u charuLter 
which is shown in structural apeimeus as wtU as in imprtjs^sions. 

The hnmehing of the stem appears to have iMwn a-^iUary. Tlnj 
ndveutitiqus roots, comuionlj found in connection with the stem, had 
when young a isoineadiat Marattiaceoiis chanicterj hut on ondergnUig 
secondin' growth assumed the structure of the roots of Gymnosperms, 
Thus the vegetatiA’o organs of the plant pre!?ent a manifest com- 
bination of Filicean and Gyninospcrmous characters indicating affini- 
licii in both directions. The couA'cnient name CycadoBlices, intro¬ 
duced by Potonie in 1807 for plants in this intermetiiate pwiltonj has 
IxH-n giuicmlly ailDpted, Holh the stem and leaves of Lifffhwdendt&n 
Oldhamium are studded with luuIticcUiilar outgrowths, Jikn blunt 

spines, which in tTrtaiii 




ca 3 cs assume the charac¬ 
ter of capitate uiulticeh 
lular glands. Thc-'<* 
ghiiids ciiahled l^rofc.v 
sor Oliver first to iden¬ 
tify the seed of L^ffini>- 

itie i^ecd, 

tom<p Lotn^^i (pL i), 
is inrlc^d in an outer 
envelope o r cnpiile. 
which bears numerous 
rapiiate ghmds idcnii- 
cal in striictim^ and form 
with those on the vege¬ 
tative orgaiLH of Lf/ffin- 
odendt^ti Oldhamium^ The vasenlar biintlle of the pedicel kaH the 
,^1110 etruetun' as that of a snniJl rarliis of L f/ifh^od^ndrmi^ wliile llie 
smaller bundlcss which traverse the cupule with those in the 

lamina of the vegetative leaflets; 


Flit a-^a»tar«flMi of thff p.f in edfr-DiD 
» lnt^td*t Hy SJt^, it. E, SuihIJ^i. TIi* li lur- 

OnindHl hy Ibit^ uiH-ti utmlElR^I wlKh cipjliLU^ 

SlAEMid. 


The ciipule of the seed Li/^inQdtndTan was a deeply lolied envelope 
whicli we have ctinipared to the husk of a hazel nut (Shw pi. i unil 
figi. ^0 overtopped the seed, and inclose<l it in the young condi¬ 
tion. Tile pedicel l^caring the seed is I niversed by a concentric vds- 
cutar hniidlc, wliichi. before entering the chalaza, gives oiF uumcjvuis 
branches into the cupulc. 

The seed itself is orthotropons and generally of Cyradean organi¬ 
zation^ it shows complete ratlial Hj'nimetry, It possesses n single in- 
tegiinicnt, adherent to tlje ntit^lliis ejccept in the apical region. The 
single chalazal bundle breaks up into about nine strands, which truv- 


SmHiiwfiitft flfvftrt. |9d^ —S«rtt 
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ei^ the mner Wre af tlic integument. Tlie upper ftw part of the 
hint-r u c^unpiet chambered stntdure; there are usually nine 
chamliera, each of which HH^ive. one gf the integiimontal humJIcs; 
^ u' oil er l^ayer of the mtegument has a coiunuiar struclutv. TJie 
free apex of the iiiicellus is prnJoiigea upward through the toicropyle 
prolnifhngwuiiewhat la^yond it, a.s an open ttiiw. (Fiif. 10. ^ xl in 
recent and m tlie apes of the nucellus contains the 

r»llen chaiulwr, which here ha.*! a peculiar form, for the middle of the 
oharnlier is occupu^ by a solid oolumti of tissue, mliidiig th« actual 
tuvjiy to an annular dmnne! in which the pollen gminH are found 
%-10.) IVilUa th. boJr „f the nu^llu, 1 
bniiw of the inegespore or embryo me. The seed «ue llm of eoui- 



twlwn tf»la jiBil DUMllum; o. twinri S .toll*’ *' 
ponfo-fimihi; nr DBceiiun- «a **' coliiwas p^, 

r~ P'.nuceuii*. «tlF, muffiiporc, X iboot CU, Aftrr Ollwr. 


rivLJZ™“ir in rpilr of iu «,r. 

Tlie structure of the pedioeJ indicates that the seed was boma on a 

It ■" »' •'» '“"-i-o «i 

in».e.l .y4' S’To'l ’‘r""'"',- 

seeds and cupiile, has been described by .Vri«>r.“ ’ 
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Lui^tly, AI. Cimnd'Enry has observiKl sax-lobcd ctipales, in some 
ciises still containing' the scp<3st situated at the cstreniity n't long, 
slender pedicels, identical with the iilUniate ramifications of the 
nichis of the associated Sphenoptcri* Duhul»»oni8^ another ally of 
hygm oAenilmn • 

Tlie pinnules liearing the male organs of L)}g\nodendron occur on 
the some fronds which bear the ordinary vegetative IcnflcLs, so that 
Air. Kidstoii was nble to demonstrate direct organic connection with 


Fm li £ lafjwl Bvdnlii rt liw fertile fronfl, tririnff nlMSi'roni dwpljf 

eupuliw. Umn lij Uln W(h*ilw»nl Ofnln fit'!!'* arlBla*J iperJjnrtL 

the foliage of Lyginodendron^ OWAcwiiwai. Tlie fertile lobe^ are 
pedicellate, oval in form, and each of them bears from fi to S bnceo' 
late, sharply-pointed mlcrosporatigla, describcyl by the author as 
biloeitlar. When young the microciporongia are bent inward, with 
their apices niectiiig at the center, but at maturity they spread out* 
ward, api>earing like a fringe banging from Hie margin of the pin- 
niiU^ though in reality attaclicd to its lower surface. In all respect 
the fructification agrees with CroKotJieca (sec %. 8, F) and it ts 
namcfl CTOsutoikMU /fonifi^Aatwif by Air. ICidston. Though the speci- 
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mctm Rre mi in liie petrified eondition, tl was fnimd po^sibk^ to i^laie 
the iiiJcrosportei, which am biill contained in the 

It is point of great interest that tho nialo fructifif^utian of Lj/fjflno- 
dendmn should have been Iwriic on tin? same frond which elsewhere 
shows the iisuhI vegetative charseters. In this i^pect Lyffln^deTi- 
dron was at a lower of difTerentlation than many Fema, und 

far below the level of any seed pLinls previously known. 

Aboil I a year lM‘fore Mr, Kidston's discovery, Misa JL Benson Imd 
describetl a sj’nangic friictificiitionj w'illi structure preserved, whicb 
siie niinied 7\danffitan Scotti^ and was inclined to refer to 
(Zcnrfroii* III this fnictification, from 4 to 8 mtu, long, pointed spo¬ 
rangia ore partially United to form fynangia, nnicb like soino of those 
attributed to Marattiacea?, The best evidence for reference to L^^tno- 
di?ndr&n wasf aiForded by the sporca. which agree very nearly with 



X ^4+ After Artur, 

the pollen j^iins found wUhin the pollen chamber of species of 
Lafff.noKtomii. From ohserrutltnis of my own I llilnk it probaWo 
Lhiit Jliss Henson’s Tei<ingriiim maj' turn out to have been a Croiso- 
them and tiint the hilocutar sporangia observed by Jlr. Kidston mav 
be an intUcatlon of synaugic structure. 

Iti any case it appt^rs that the reprodurtiTe organs of Lt/ghiodeH- 
dron present the same comlnniition of diameters whidi is shown so 
dearly in iLo vegetative structure. M'hile the hlgldy organiiied seed 
strongly indicates Cycadeaii afllniticSf the microspomngiate fructifi¬ 
cation is entirely .Fem-Iibo in its natiinj. 

Before leaving the Lyginodendrea?, it may be pointed out that 
IJetet’angiuTii (with the foliage of Sphenoptcrit elcgane ami other 
species)) though its fructilicatioD is not yet known, ia clearly shoivtj 
by its anatotnica] structure to belong to Uie same family with iypTio- 
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JriidrtyH. Anatomienlly it ^itiiMife nt ft l&wer level tlmn that ^reniis^ 
for its vascular cj’binder is witliont a pitliT oonstittitinj? a protostele 
aaala^U!^ lo tliHt ocqurH»g iu most specie of the recent Perm^enus 
Ol’^iffhenhu 


In the well-known species heiei!*ophf/I^{t (pL n), bodies 

of nlwtit tlie size aiul shape of n small hazelnut were found by Mr. 

Kidsion* in ninterin! from the ^liddle Coal Meft^urei^s attaditKl to a 

njchis the cluinicteriHtie pinnules {fig» l^i). Unfortunately 

there is no preservation of structure in this i^asc, but ihe external 

diaractcrs alTord stiElicient 

evidence of the seed natuiV! 

of tlie organ, f beyond the 

fact that the seed wus one of 

those with radial symmetry 

and that it had a hbruns 

eiiVelopCj there are no de- 

Laila to record. The point 

of chief interest is the fact 

that these large secnls wd-c 

borne on ii frond so Iktle 

niodifieil as to show the or- 

iliiiary vegctsiivo form of 

pinnule, unoliter indication 

of the absiuirevin this g^ollpl^ 

of di tTerentiuled sporophylls* 

Acconiing to Mi\ Kid si mu 

the seeds fall tinder the 

genus of 

Gopjiert and Berger^ 

13."—VfiTrtiiigiffii Kk- Mr. Kidstou wits thus the 

tiitffeMi a* « hninfii <if thfi mchi* twATinji I wo obsorve direct con- 

<bhnLl^^Ntk^ plDi 3 u]«. < i After KiditoB. uuM.rve aireci con 

tinuity betw'een the seed 
and the frond in a Kern-like Pale05toic plants The family of the 
JCcuropteridciis of whicli the plant in ipiestion m a representative, 
ift well knovvn from a siructyntl point of view^ As Renault dem¬ 
onstrated in 1883j the jietrificf] (>etiolt^ named by 

Brongniart helonge<l to the fronds of ycuropten^ and Ahihopteri^j 
Avhile M'eber showed that petioles wei^ borne on Medul- 

lo»a Stems. Thus wo have a fairly complete knowledge of the aiiat- 
nmy in certain tiieml>ors of the funiily. The stems of as 

has long been known, have a complex structure^ the vascular i^^steni 
Imng of the ** polystelie ^ tjT^» secondani" formation of wootl 
mil I bast around each stele. This stnicture finds its frimplest ex¬ 
pression in the HrilhjL bpeeies Medullma tinplka uf Lower Coal- 







Plate |[: 
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MfljisTin* iigi% (Scu ]jL 11.) Tht buses, with typicul 

stntqliiret ure littuchod tu thv sienu I’hr steles three in 
nijiiilH'r* (Tidi \sMi u solid itxis ut pritnury wooth siirniundiMj by 
oiulju'y WiHxl iijsd phloem. (1*L [[.) Tli+‘ leuf-traoc lainJii^ ^^ven 
n\f from the outer stirfute of the sleles are rorieejitrie m the lower 
pun of their coiii-se, but. srpon break tip into a iiiiuil>er of col I at em I 
stmiids^ with esternol pnjtoxyleni* A hirgt* number of these coJ- 
hiteriil luindli?f= enter ihe p<*tioleSr whirh thus huve ii ver}- Cycndcan 
tv'^u^ of slnjctiirci dutdh" dilTcriTig fracu those of recent Cyctids 
in the fact Lhiit the w<Hid of the huncllus Ls as a riile^ wliolly 
ccntripeliiL while iti the living fniuily the foliar hundh^s are rnesiirch. 
The triartdi ud vent iti ntis rnnjs. winch spring fnnit I lie stein U^tweeii 
the leaf bases, also lje:ir a coiiHideral»1e n.^*inl>hiiice to thos^ of Oyrads* 
The leaf of as shown the chamcters of the 

raehi.s and leailets hi the pctrifiiHl spetdiuenH, was that of iin Atc- 
tfiopU'nn^ jm}hnhiy identical ivJih the species .L hnrhitlca, which 
is coiiinioii, in iho ffinu af impresfiotisH, at sijuilar horizoi^. There 
is n eorLHiderulde prdjahility that tiie Trif/onmarpnm originally ile- 
scriianl by Hiasker and liiiiney in 1854 and refernsl by iViliiains^ui 
to 7* oftfur'ftm/if' thill ap])areiitly identiral whli Trif/onoc^urptim Ptirk- 
inaoiii Urongninrl U wjih the sinuI of MvditUoitft {trtfjlicfi. The f>etrilied 
si>eciinctLS of the seed are invariably a«wiatcd witli the i-arhis and 
other organs of the A/€fItif/mn, and there are certain points of sinic- 
tiiriil aigreenient which coniirin the proljiabiiity of the attribuiiiHU 
The KCHsl is ji hirgt^ ovate onc^ 40-a0 niiiL long; tpiile half the 
length* however, h cfcccupitd hy the micrtJpylar udoj, ihe rao^st re- 
tiiarkable feature of the seecL 'flic tedu isinsisis of tw'n hiyers— 
the outer Siircotctfta, of delicate^ partly lactinar tissuer lainnded ex- 
tcrnally by a sharply diifercnttuicd hyp<wlennn and epidermis, find 
the inner, rihhcil* sfclerotesta, coasi^ting of riense^ tliick-wallctl tissue. 
Tlie nneellus appears to Imve been fn=4‘, frinri the ehiiluzii upward^ 
and lenuinates at the apex in a |x>Ueri chaJnIvrt provided with a 
distinct beak, ns in the seed of Cor/loifrn^ The vascular systeni tif 
the seed was double,, the outer system of bundles tniViTsing the ^iiar- 
cot4;yita* while the Inner formed a enniplex tracheal network in the 
nucellus. Tlie membrane of the megaspone h evident, but ttie pro- 
thallus has not yet been found prt^^rved. The s^i uctiiro of I he seed 
as a whole pre-sents market] analngie,^ with thai of recent CytTideaii 
seeds, the differences depending chiefly on the free niioi'Ilus, whik' 
in the Cycads it is adherent to the inner layer of the intcimniirit, 

Tlie attribution of the Tpiffou^nrpum ju^t ilesi rilled to AittJwphritt 
is further rendert^l highly probtbk by J[r. Kidston’s discovery of 
the seetl *>t Meropk^lh, and 1 have little lionbt that 

it is correcU though the direct proof of actual continuity hits not 
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SO fur been obtiiined. In certain siweinims of Sh'phanm^*rmnmf 
wbicl] fills some poijit^t of r&sembknee to Triff^r^omrpmin tbe preser¬ 
vation is so complete its to sJiow the pollen griuns contLiined in the 
poHen chajiiber of the seed; the cell group, probably representing 
the nntherifliurn, is clearly seen in tile pollen gntins. 

Regarding the anatomy of the Me^iuUoseffi (a family name pro* 
visioiially iakeji as synonymous with Xeuropteridere)^ it may be 
noted that ific stnietiire of the Fermi an species h nmeh more etnu- 
jdex- The elaboration consists esscailinlly in the differentiation of 
a central atni a peripheral system of steles^ the peripheral s\"?aein 
someLinier^ forming a couiiniiuiia. or nearly i-ontintious, ring. As 
I he seconclary gnivrtb of ibe e?cternai steles was in some forma 
much greater on the outer than on the inner side, a certain rcsem- 
blaiiiit^ to the stems of CycadaecK; Trith meshjUaiy bundles is notice- 
ahJe, accentuatetl in the largest stems of . 1 /. titelbsta hy the appear¬ 
ance of 03tlrafascirular stones of woixl and bast inclosing the whole 
stelar syntenu Soiia* aulliorss notably Sin WorsdelL have laid great 
stn*ss on llicsc resemblances* which lead (hem to place the Medul- 
loseie pij the line of descent of tlie Cyr-ndsL Personally^ I have been 
unable (o cnnviraTe myself lhat the stem of the Cycfliiaccae admits 
of an iriterpretaitlon on ” polt^telic though on other greamds 

the nflinily suggested Las Hindi in its favor. 

While we have In the Permian Sfedulloe^eie striking p^fatnple^ of the 
ext renic complexity w hich this type of stem w as capable of assuming* 
Sulcliffia iviifi^ow* a plant recently di^wveretl in the Coni 

Measures of 1 jiiicasliin!* curries ns back to ft tyx>o of Structure proh- 
al>ly more primitive I him Imd previ<msly Ixsen known in this family* 
The JstciJi tijis a ecntral slelo of great sis^t wuthout piEliy the f¥olid 
eeiitri|wUal wootl runsihliiig of pitied tmrheides inters|>erBeil with 
bftmls of pai-enrhyina. Prom the principal Btek% lurge vitsculsr 
stnuuLs^ the meristeles or sul^sidian'^ stelc^i im' detached, which divide 
up and fuse with line iiiiotber. ultimately giving rise to the Icaf-tmca 
i>undies, a large nmnlier of which enter the leaf bases* The petiolur 
bundies ura concentric, resembling those of Reward's Rar^hiopt^nA 
WtUfmnmtd, which was no doubt the petiole of another spi'cies of 
In the Bi>eciinon investigated, secondary gi"owth in thick¬ 
ness was only Just lieginning. In liabit and various structural details 
the plant agn.'cs with a *MedulIosa; it ^bow*$u near approach to tuono- 
stelii:^ structure* for the single central cylinder forros a doininant 
feature in the vo^ciitar system,, while the merjs-tclo*^ effect the tran* 
sition to the leaf traces^ The concentric botuUe^^ constitute a more 
Fern-like character than is known elsewhere among the Sled oil of5ea!. 
The plant is of cousidernhle interest as indicating the pmhabie 
derivation of tfjc ^rrilulhTtseaii stem from a rimple prntoidelic ty[>et 
such OB oct'iirs in among the E4yginoiknii1rcav 
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As rej^irtls linhil, llicrfi mn be no dotibt lUat tlie ^rerlunoisefi& wfrc 
pknL^ of \my lar;;^ Petioles of nearly 15 em. m 

diumeler aie knuAvn* atnl ilnir^e of appi'TOidiecl the same 

dinten^iioiis. Tlie repealeiclly piunate liHive^, with the liabit of a liu^e 
Osmuiidii (as in A'ctfro/tUri^) An^phriit (as in AletAo/dt*riH)^ 
wert^ lawtie on stems pFii>ably rescnalding those of Tree Perns: in a 
MuduIImu from Stixony the dceortiaited stem mea&ui-es 48 by 46 em- 
in diaiucter. The s|>ceimens of Mt'dfillma tfH^sr/iVo show that the stem 
was eompletely dolbed hy the detriirreiit bases of the leaves. 

il. (rraiurEuTy^s e?:tenHive □bserviitioas on iUe association lic^ 
tw<:tr:i fmiulri and ewda nf definite species, not only in Ahdh^ypteris 
and Xfuro/dem^ but in Odanloph H^j Lin&pferh* LQn^h^pUrv^y etc,jf 
have i:onvinciHl him lliuL the Kenropteride^e generally wm* weed- 
Iwaiing plant-'^ of f'yeadeem nfiinities. There am i*e no r|iit^tion that 
all the e.vi^ting evidem^* points in this direction* while tlirniighoiit tba 
wliole of the faiiiily lliere is practically an cJitlre ab^eiiee of any 
conriten'llilin^ evidence on the Fern side^ 

4Ve liave as yet scarcely any knowledge nf the nature of llie male 
organs in this family. In hS8T lli% Kid^^ton descriliCil u form of 
finirtificiition in the satiie species in wUitdi 

he aftenvanis iliHcq\'ered tlie seed. The sjMcimen bIiowb n forkt!<l 
radiis^ heariiig ihu normal vegetative jiinnidc.^ ladow^ while the 
branches terminate in foiir*lo!icd hodks, which may Ir interpreted 
either ns groups of spt^rnngia or as ciipules. As thert: is no reason to 
the presence of citpnles in the Xeiiropterkle:i\ the former 
riew jft |K‘rhaps the more pix>bable. in which case the tTjjecimcn would 
no doLibt repre^^nt the iiiicroopomngiate fructification; in no in- 
stallc^t^ as ycl. iin^ tlie iiidiralinns perfectly satisfacttin^ 

III the K(niro|jteridefe. as in the Lyginodendrea^ we are dealing 
with plants of which the anatoink-al stnietiirc is knowm al least in 
ceiiain representatives. We are thert'foi'e able to \wmi{ In itefinite 
St met nm I charactei's, quite apart from the habit, which indicate 
affinity with the Feme* n.^ we have ali’ca<ly shown in the case of the 
1-ygiuwlendrea?* In the iiimtoiny of the Neuropterideie with the 
Afi'didlvsn ly|a‘ of iiteiiu the most Feriidike feature is the vascular 
svKleni* whiclu in its primary polystclic aimngs^ineiit is essentially 
Filicinean, and wa» conipared by WelMir and i^terzel with that of 
PmronitiM. Tliia idiaracter, it is true, liecomcaj diagriised as secondary 
growth pmwds* hut the original ground plan of the striicture h of 
ntitinstiiknlde Kignificance. The leaves^ apart frotii the hahit mid 
Tcimtiun, are on the whole of Cycsdean structure and not, in them- 
scItcs, much more Fcmdike than tho^iie of the recent Sfufiffcria. In 
the mvi gi-nus Sistdi^a the anatomy of the hiem, pectiliar as it is^ 
can only l;^ compai-ed with that of a protostcUc Fern, while the eon- 
cenlric foliar biindlca accenUiatq die Filicmemi rein Hon diip^ Tim 
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djjscol'cn’ of thr Sutcli^a typ^ of strucUire n'lidifftf it probnble tliat 
cliuly^e^ly tircBt' witliiii tin; family ami tcndt; to sopnmte 

thn lultor fiirthi<r from llie Irf(wor Col’boniftrouif Cla<lo\yleii>; in this 
ciiriouM ^iip lliere la th« samo rombination of Jialystoly willi hcit* 
ondar^' growth which we (ind in Mociulloseie, but the iirmnguuient 
<pf the steles, and the iiiiiiire of the imidieide^ not to meutioii otlier 
chanicters, are *|iiite dilfertmtj and it seems tnetat prolHible that tlic 
nvo families rejircscnt parallel lines of cJt;velopment. Tlu' dado- 
xyleie liare been eomparoil with Botryopterideie, est*ecialJy .U/cm^ 
<hliruat anil an ullLiiity in ibis tlireetiori apiiears highly probable. 
There is nothing, as yet, to indicate the partifiilar grotip of primitive 
I'enis from which the Alcdiillosea' thcitiselrea may liyvo spi'iing, biu 
on iinntoniical grounds it seenm not unlikely that they and the 
[^lygitiodendreji" nmy have had a tx)jn]iiun origin from .simpii; pro- 
tostelic forms. 

nrijn iL,.iL 

Tliere are at least two cases in which seetls have been found in 
aetmij connection with PiileoTioie Kern-Iikv- fronds, wlmro wo hava 
na ynt no cliie to the internal stmctiirc. 

The first of these cases was described by Mr. David \Vliite in 
in u plain iiamcil by Liiii ArurlmiUit from a ^fillstone fSrit 

(BottsvilleJ horizon in West Virginia. Tlie frond is a highly coin- 
pomnl one, of the form fumilinr under the deslgnotion Aditt/ttittfi, 
II gi'nerio name which has ln*pn disciirded on techiiJcHl gmnnds of 
uoiiieiiclntiire. The fnn'tificalion is iKfriie on the apices nf hraiiclnal, 
teniiiniil extensions of the periplieritl pintne, tlie onneatu pin miles 
ladiig greatly Jn>iiiiced on the adjacent sterile portioi IS of the frond. 
The sum 11 seeds are rhoinboidnl in form, lenticular in crossi-seclion, 
and tviiiged; it thus up{icars that they wRn> of the jihitTS]X‘rtiiic 
^hilfltHmlly symmetrical) tyiH;, Tlie mithor (Xiints out that tlio 
iliscovery of Pteridosperriiic ehameters in Atteimit^A throws serious 
sn^icioii on llie sterile frond genus t'rentopieris among mJiors. My 
frteiuls, Mr, Arlier and Prof, F. W. Oliver, inform me that they bav’o 
found strong evidence for the octurffiiiw of seeds, companible to 
those of Aneimtiet, in a species of 

A few months later, il, GramrEm? On April, IttM) made his 
striking discovery of the seeds of Ptx-ojitifris Pluc^efteti, frem the 
Ip per Coni Aleasures of St, fLlieime. In twenty sixicimens he fotimJ 
the seeds attaL-hed by hundreds to tile fronds; they nioy occur on the 
ordinary, Ulitiiodihed foliage, but where tliey 11110 iiumeroiis the lamimi 
Is somewhat reduced. The small oml seeds (nnnied Carpolitfi^A 
ffrauul^tm by Gi-uiurEury nearly tliirty years earlier) are altachiw] 
to the ends of the principal veins, and are provided with n lionler or 
wing: their form is so similar to ihat of Samaropsis that tlicy may 
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t^sUy bt- ojnfomidccL in dcUchf?(i cdtiditioiij ^iih tUis Cor4tiili?uii 
llie resetnbliiiict" tbi* of Pecoft^rh Pluf^kctteii^ Jmi- 

mitr^, and (I lielkv-e) Eremi^pt^r/^ to iho^ of tbo CorduStM iu n 
sU-ikin^ ifliowin^ OiiiL tlie biJiiteinl or radial sjnmietry of the 
is of no Trttuo nieaiLs of dktiiictiori 1 vet ween ihk Gyimio- 
spernirHis family utnl tbe PleridoKperiniv 

No jadi.idiotanic.^I would I jo nion? Jdteiiiatitig ut the pres¬ 

ent time dial I that of the anatomical structure of Peei>pteri» Plutrke- 
nefL TIm^ Hpecie^ b typical of iis genus, and was phnwl by 
Stcwl in El distinci genus, pi/^knomitex^ on account of his discovery 
of Ixidies which ho iniiTpreted a.s sori, and compared to those of 
/Jkkmuh; their nature is not yet dearly undersUowL 

SYHTKMATIC I’OSlTlO^f OF THE FT£lt[IKm''CM14 K-E. 

llie nanto Cycadofiliceii designated a groups only known at the time 
by Iks vegetative diitmctcrv^, winch hovered in the gap between F'ili- 
eintie und Cycadophyia withoiiL shciwiiig any decideil leanings to 
cither Mv. The di\t^ name Ptcridi>s|>eniiea' iT^presents a niotv. ud- 
vjinced stage in mr kno^'h'dgis and indioitcs plantJ^ which wc know 
tij tiavi' \wn iilreaily fletiiiitdy Siiermopliytic, thougJi retaining many 
inark-s of a Filiciiiean nrigiiu This consideration apjxrars sufficient 
to justify tlie iiislilution of tlie new’ class. 

The <|ue^(tlon remaiiif^. w hether the iTeridosjjertits should be in* 
eluded uiitk-r ffyninosja'rm:^ or kepi apart^ at least for the present^ m 
H subkiogdorn of tlicir own. ^^laiiy iKvtanisk will doubt less follow 
Profi^sHor Ziulicr in choosing the fomter ultemalive, PersoiaillVj I 
indine in the latter, for reasoiLs whidi I will now state. The ijncis- 
tiisn^ it iiijiy lie fiaid at once, b largely one of con veil ienee, for there 
can la; no £h>ubt i>f the Gynitiospurinoiis of ike group under 

iliscusHioiu Sn fsir as tho see<l is ctuicemedT the Pteridosperms were 
G>■mno^^IJerm^- on the satJJo le%'cl with llie Cordaiteie* The only oon- 
atimt jjeciiliarity of I lie is a negLitivo one, the absence of iin em¬ 
bryo. niid (bis b commoJi to llie Coniaitea', w’liidi in fill other respects 
were us highly ^u■g^^^iZf^d as recent (wymnospenns. 

]f the PteridoKpcriuva? to la^ kept distinct it aiust Ixj on other 
gnainds. Tim chief cliumcteni an? the fijllowdng; 

h The fact that the seeds were liorne on fronds but little modifinL 
as nimfMii*rd wdth the vegetative foliage. Ttib appears to have lunm 
the ca-^^ lii i^YQry Pteridosperm where we have any evidence on the 
KiibjwU and affords an ifn|Mjrtant chameter, thou^ a female Cfjfcag 
no doubt, only tiiffers in degree. 

*2. The male oi-gHHs. Tiikc the female, they appear to have 1a?en 
borne un ordkuiry fronds* aiid^ if we may judge from the one case 
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’Lvherei they htivfe U^u. invijdigntpdj fffiaxxaely diiTcred from the spo* 
of ti?rtain Ferns, $0 far the evhkmce extends^ there 

ia II wide diJfarefiLT fmrn any kno'wn Gyninoaiserms and ti near ajs- 
proiit'h to the Filiciiieje^ 

S. Tlie iLiiatoiiik-al strtictore. There is probably no constant dis¬ 
tinctive charueter 5n the wtrueluro cither of stem or leaf^ Tlie iinutoiuy 
of the stem in LfftfiAode/tdran doca not dilTer escntially from tliut in 
which ajjf)ears to find its nearest allii^ in (he Cortiuiteir, 
while other plants, such as Pil^^ aniiqua imd /}tid^£^lan SptmeerrK 
wdkich likewise possefas primary oentripelnl wcaid in tiic stem, pi'oh- 
ably also l«?Iong to the latter group. It would not ahvays b« pcr^sihlo 
to tel! from the ^mcture of the stem alone whether a given [diiiiL 
beLongeil tu Lite Pteridoi^iH'rRmje or the Cordniteie. JSOj tcKjj W'ith the 
loaf. 'liie nhatotns^ of the petiole and lamina in Medttiloiff) is essen¬ 
tially that of a Cycaflophytej while in Lyf/mml^ndron it is that of u 
Fern. Taking Uie jfum of niiatcaniciil chuructei's, however^ Uie Pteri^ 
ck^tspeniiSj so far as we know them, arc much more Fem-like Shan any 
tj 7 >icttl Gyniiiosperm. ^V'c inighL fnime a pro visions I diagnosis of 
the Pteridospermcffi! as follows: l^Iale and fanmlc simrophylls little 
dilTerentiated from the vegetative foliage; tm €otn?s formed, .Vnat- 
oiny of either stcRi^ or leaf, or botli, of a Fillelnenti typiv w^as also 
the habit. 

The chief practi<^ reason for keeping the Pterldospermn apart 
from the Gymtiospcrm-s is their manifestly moie prijiiilive drsracier, 
shown in one lespect or another thi^oiighout the groiijK Even iti the 
ificeds the most advanced of Iheir orguas* possible primitive indications 
are not wanting- In Ph^ifosttyma^ with it« integnmcnS. linMking uii 
into a ring of free Lcntacles taking the place of ihe micropylar Inhct 
we have a unique form of set^d investment- The chameters of the 
male fructitleaEion. if we may lake Cwfimihera tia u fair example, 
npjxiiir to have been frankly Crj^ptogamicj and the itanie applies to 
the aiLdtoiiiy of ^aich plants as ami genera 

^vliich show such evident rLdations to A/ednlioifft and Ltj^iiodettdmn^ 
I'esjicdtLvely. that we can not douht tJieir being Ptcrldosjierms* It 
seems to me desirable to give full weight to primitive characters such 
ns th<n5e and to keep the Picridospenns distinet, rather than to merge 
them in the Gyninosperms;, a group which has departed so mucli fur¬ 
ther from Cn-ptogimiic traditions. At the r^ame time T fully recog- 
iiii:se that tlds is a matter of expetliency rather tlnin of principle, for 
further research will iindouhtetby tend to fill up the gtip l^etween the 
two cinusses. 

A moix-. fundamental que^^tion k that of tlio reliitlon of the Pterido- 
spermeie to the Ciw^ptogams. ^ All the characters 5n ‘wbitdi the Pterk 
do^perms show Cryptogamic affinitit;^ whether hi atiatmnlcal struc¬ 
ture. in the tuorj^bologV' of tlie sporophylli or in the nature of the luxile 
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fructification, point dcfldy to their deriviition from antestorfi 
Iwflonging lo n Filicinean stock* They luive descrrilicd as 

Form* which have become SpermophytOS,and the phrase is a[i- 
jjii>priete, ^Tlieji, however^ we come to inquire into the cburflctera 
of the Filicincan group from which tliii PtorLdcMapernis aroso^ we fiml 
lhat ourchiia are insufficient. They iiro tlieni-selvcs, in all probabiJily, 
n& ancient as any luiid plants known to anJ tlieir acLtial origin 
lies further back than our records ut present ext end, Coiisklering 
that some of the PteriikK|)crinH slioiv a decidedly situ pie an atomical 
structui’^ (as in llti^rangium)^ we may n^^iimo that they were de¬ 
rived fnifii plutits of a simple tyjje of organization. It would Iks rash 
in the exireme to identify any of the kno^vn PrimotilicKjwith 
tlm aiic4?slora of the T^eritlosi5eniis; tliey nre nnt nearly old enough 
geologically, and our knowJiKlge is much too namrtv lo enable iis to 
ileLerniine Imw for they may have rclained tlie characters of the 
origimil common stock. The utmost we con venture to say is, that 
these simpler Paleoscoic Ferus, the Botryopleridete nnd their allies^ 
proljably stand nearer the Cryptoganiie progenitors of the scoiJ 
[>liinbi than any other group of which the record has come down 
to XIH* 

A^Hjera we find among the Pteridospe^nns ehji meters resenibling 
those of more advanced Filicineau types^ tbey art* proljaldy to 1w 
attributed to porallel development rather than to Inheritnivce* The 
“ l>olystely ” of Afedullom^ for example, if^ as thero is reason ti) he- 
lieve, it arose within tho Plcridospenuic family ^ledtillusear, was not 
u directly inherited Filidnean ehafacteri but rather a new develop- 
uient on Filicinean linea, 

may sum up tlie ja^silion of ilio qiie?tticn as to the derivation 
of the Pteridospenns iti the statement that all tlie evidenoo poiiiL^ to 
their having sprung from the same stcK^k with the Ferns. The an¬ 
tiquity of the Ferns, and especially of the aim para Lively simple 
types represented by the Botryoplerideie and related forms, appears 
-iiiHicicntly est4iblished to afford an historical baab for tim conclurion. 

VII. ThK dYMNOtfriAUE'M.E. 

There is litllu of noTelty to record in uur knowledge of the PulmKoio 
GiTniiiwiwmis, UK ilistingiiisihed freiii tlie more primitive dnss Pter* 
iiloHpiTiuea'. A\ ith regard to tlin CorJaitciE, the most Inifwrtant 
gnttip, the (Khiition reimiins very much ns RennuU left it. MEirvcIoiii 
as WHS the recoustrtietinn of this family at the bauds of CiniiiirEiiry 
and Renault, our knowledge urgently needs widening, nnd new data 
lire to be eagerly sought. In the case of the Paleozoic Cyciids and 
CVjiiifers our records are scanty, and the time has not yet come for a 
gimcral treatnient of this part of our subject. 




THE ZOOLOGFCAL GAliDENS AKD ESTABLISHMENTS 
OF GREAT BRITAIN. BELGIUM, AND THE NETHER^ 
LANDS** 


Hy fillfltAl K rX>l:H£L. 

Pirri:tf*r ftf thr luhfirfiitMrv nf Gfincml at tht: Sehml af 

/-fpffjfur, ttf fn tho ^wtndurif CauncM 


The zonJop^k^l giirflcn=? now exiting in the worlJ, with ttie excep¬ 
ting of that at SchonbrLiiin* are all derived in sniue jjiunner from oitr 
Iiirditi ries I’hmt&L They were not e^^toblbhed until u long Blue 
afLerwiir<b^ >iiinoe the oldest of thoiiu that of Lriindoii, waa uut openeiJ 
until but they have oU biken it for a tuoclel as regarsb their 

aviuriep^ inclosures^ an well as in tlieir museums and tlicir 

lahmutom-ts, A proof of this is verj' explicitly given by Mr. Henry 
Seherren. in his laMik ^ The Zoological Society of I^^ndon. A Sketch 
of it^ Fnundathm and Development(180d, p. 19), and by Mr. 
Stnnle)’^ Flower, in hk i-eport of a tour of whicli 1 shall speak further 
on. This origin is at once evident by cxunparing the drawings given 
hy Mr. Sdieiren of tlic ntiimal quarters in tJie I^ndon ^rden of 
IBSO with tlioae which aiiill exists unchanged., unfortunately, in the 
menagerie of the Jarc!in des Plaiiti-^fp 

Though th™ foreign garrlens were originally inspire<1 by our 
iiJd national institution, they have increased in size and during re¬ 
cent year^i have renewed the greater part of their old structurej^. 
for this purpose the directors iir superintendents of some of the.se 
gunlens have visited tlie principal countries of Europe in order to 
note aiul profit by the pitigress attained by other similar cstablbh- 
menbs. 

In making ilm tour of inspection I did not confine my visits and 
stinlics to a&uologbal gankns alone. I was charg^d to give attention 

B Tnm^latefi and ahrldgeit from the “ ItaeiKkrt aar one srtetiUnque 

^hb lea Jurtllaa et etuhtt^nsEiift Eoolopjqura piilillcB et drives du IEo^tuiuh!- 
I nl, do ]ji Belslquo et ties PnjrihBuB." r^r M. t^tiBtnvu LoUffil. Extnjlt lim Nou- 
velles ArcLIves Ue# MIsalous Seleatlflou^ia^ L ili% pBrisi 1007 
41780-Oii-^ 
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•A\Mi t 0 nthrr e^ftaliliditnenis^ piil^lic or priv'iile, wher^ ^vild nriimal^ 
were rfiirtnl villitr for tht^ piirposci^ of uccliimitiniij of gtirenil 
or of uniriMil bioki^y. I was therefore led totnivei over Eo^lnncl^ St^ol' 
land, ihe Isle of Mdiu Ireljtnd. Belgiiim, onii the Xotherknibs^ re¬ 
ceiving cvennffi-liere the wnirricst wehnmie^ not only fitnii the 
whosie liib^mitorios nr esi>erimeiii statinns I vjHited, but also from 
Lhc jiresidente cff secretaries f}f ifsot^Wties, fram the directors or HUiJer- 
intuinleiiy of zwjlogical giirdens and from I he great pri^prietors who 
ipfwiUKl for me their parka. 

TIIK l^O^^JJ0^3ICAL ilAHORX A'f IjONIJaN. 

The ZfMjlogieal (iaixlen of lAitulon IjelcmgH 1o the Zmdogical .Society 
of Iji>tidi>n, finjnih'il in for llie purport* of “ the ailvanet^iiirut of 
7 X}ology and for the ifitmwhirtinn into Etigktid of new and curious 
aninials.'^ Tlie hOidcty perforins this double function tirMl by iiiidii- 
tuintug the garden whieli ^ve are al>out to descriliCj then hy piiblbdi' 
irig Proceedings (two volumes per year)^ Transactions (id,)? the 
ZtKdogical RiH.MjrtL a Ituide to the Gar<lcn* and illiiaLniicd pni^tal 
cards of the aiiimak rinally by hukling nionthly meetings at which 
I lie fellows, the corresponding meiubers ami liven strangers iiiiiy 
present cam ninnicat ions. Thesi' comniunicat ions are subiuitltal to a 
eoinmitUv of puhlication wliidi (rqrLsiders them ean^fuUy; thiis^ atuotig 
mi offeml in 1D05 only Sh were pLiblishcd in fulU S4 in the Pro- 
cccilingiN in the Transaeiions; the others wen* iiiendy aniioiineed 
by title or hy a concm? abstract. 

llie society comprises at present 3,702 a^-tive members^ 200 ctirn^- 
epouding nietnljers. ainl forctlgn niembers. It is administered hy 
a conmdl of 21 iiicndions, elected onniiully« among which ai-e a presi¬ 
dent (tlie l>ukt‘ of Bedford in 1J>0G>, six Tice-]m^idimts, a secretary, 
and a treasurer. The st^'Cetary (Dr.. P- Chalmers Mitchell. F* R, S., 
at prcsenl) is the csecuLive officer. 

The i^ouncil mecLs regularly every two wi-eks from January to the 
end of iluno and once u month duriiig tlie nunainder of lln^ year; it 
piihlislies each year a reiKirl for the general sc 5 =isicifi at which all 
members of the society ma^" attend. 

The total receipts tif the society ainounted^ in to 

6s. Dd. Among thr details of these receipts I will mention the fob 
lowing: 

c *,*1 

Aclmlpslcnp^ to tlic canlm.-- .. 0 3 

Hldlia^ rectiirte CelepbaDili and cameSsJ _ ^ 470 in S 

Mf HtImi: aaloialB -- 4'^ 11 ^ 

Sales of and pi’^aE eanls. ---- _ !<H 14 ^ 

Stent frena reetaunint-,,-- —---- 1, OOO o 0 

Becehda fnim LavatarJea ---- - 12 ^ t 










3i:i wiLcxiirAT* (T,vii nKNS — i/jisEi.. 


40Jt 


The Zftfilofprjil finrdt'n if* jiitnilnisttfi-eU, nndfr tin* j^c nernl direction 
of ihc fiifcrHljjj*v, In' ii fscicnlilic stiiff foniprisin^ a sujx’ririUindeiit, 
Str. R.Potockr a prosct-tor, Mr. !■’. E. Ii*xMard, E. R. S., sp^diiUy 
clmrged t* itii tin- eoiidiict of the lubomtory of cumpjinitiir’c aiiatotny 
(pro«?ctoriiini) iittiichetl to the garden; u piithoiogist^Mr. C, G. Selig- 
luunti, also attflchiHl to the profiretoriirtin * • • 

The onliniiry cxiiendituris* of tli« gui dcii junoiiiited, iti UlOS, to 
£22,430 J5ii. S(I.. tilt* principiiJ objects IxHtigns fuUonrs: 


1h*iiL rjitpic, iiixfWt f^ic^ _ 

__ __ 

__ 

rrtivEwtrjiifi (liicliiilLiit^ of slrjr 44 k<^ivrl 

CoiFr nhd nirr3ftj?t^ ut ,_ 

_ 

of tJio j!rnwlorSiiiii„, _ 

>JiiltitenihCKH? of buEldliiin^ .. 

(rnnloii __ 

EEouHO imij i4T1«?if _ - ___ 


fi ^ rt. 
1.4K3 1+ 14 

4,;™ s In 

v^y 0 

ii 2 
hVI^ 11 il 
2 IW 
wfi:? 4 n 

1 u 

1*2N|1 4 Ik 

322 13 1 


Hie garden is situ a toil in a portion of Regent's Park, iKTiipying a 
space uf 3J aerts, for which the s*iciety piij*s an annual naital to the 
Crown, Jt is open to the public every week thiv from H a. tn, nnllJ 
Kiinset: on Sundays and hoNdays only members ji’mi pei^ns provided 
witli sj^eeiflj ticki^ts tirc^ nHmittefL 


^ It lydtvicji'i] by n canal Caiuil) and u public cnad (OuUt 

Circle) into three parts—the iiorih garden, the mi*hlle giinlen. and 
the south garden, connected with each otlier by iwo bridgi-s and a 
Innncl. On Tlecenilx'r 3l, 1903, tliere were, in these three eardeiis 
vi?rti?bmtc animala; ' ' 


_- .. 

Hirilw ____ _ 

llPlHlIl'X . __ 

_ 

I'll rill If Ir hiiiuEK'r, 


+>ii 

11^ 


Of these m wore acipiimi hy gift, m) hy purchaw*, 2fltt were laini, 
l,0fJi were* received *m iJejxjsit, mid 202 ohlained hy exchange. 

During ItHITi. r,l4 aninmls tlied in the garden, so'd ladiig niannuaJs 
and 21S birds. 

The animalH are distributed in a most irregular inannor, .ls is 
tismil ij, all gardens of this diaraeicr. This b doubtle^ due to the 
necessities of the case. In the following eniimerntion T shall, how* 
ever, follow tiic usual zoological claifi*ificatioii: 

The garden contains a tine (collection of iiionkoTs 
and lemnre urrenged so as to pre.^nt cxan,plei( of all the great natimil 

They are plaml in three structures, each designed for a 

ciiffiemit purpiMieH • * * 
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Tb<* fimiikey hoiiik! is a large tKlifioe covemi with glass, with numer- 
um liitural windows opening upon Bower becl& This house lias nUmy: 
llio sides separate cages for those sptxies that can not dwell peace- 
uhlv togerher and, in the center, a yorios of large cages comnion to 
.several species. In this hons^ are found most of the monkey(See 

1^1. g 

I'he new ape hnUKc was reiiamtly constructed for tlie ftceoinmoda- 
tioti of the anthropoids at a cost of £4+000. It cotihutis four largo 
wliolty sepaniteii by plate glass from the wide corridor wheio 
the vifiitoJiTS i\ve admitted. This arrangement was ititviiiled to pre- 
Hcrve the a|>es from any contact with the pnhlic, to prevent their 
boiug stiilTed with bread or other fiKw], anti also to presersT a uni¬ 
form tern pc-rat lire in the cageis. I consider it, however, an inferior 
^tyle of instullDtjoii and Liiitik that it might l>e well to replaiT it, 
and tins opinion i.-r .shai^ by the present secrcUiry of the council. 
At Uie time of my visil this hou^^' cnutaincil .sLx young rbimpamsces 
mid three oinng-nutiings. Then* won; also ii] outside cages where 
the itpes remain nnti! evenings a young chLmpan 3 r.ee mid thiv:!^^ gilv 
(Set? pL f.) The lemurs arc installed for the nm^i part iti; 
a houae which tliey share with the edentates. Tlicy thrive ilicre 
very well and iiut infrequently breed; I even noted two hybrids 
from a crossing between Lemur ieauthem^/iitiis^ and L. ruf^from. 

The carnivora' otieupy clm'cn separate structures. The principal 
ntic b the lion house, constructed in 187G at a cost of £11,000. Tlio 
body of this hou?*; is of red brick. 70 metei^ long and 21 meters wide; 
it ha!;; a wide corn dor uf>i:ni wiilch wide windoivis open mi ihe stmth 
aide, while on the north fJde are fourteen large mges, each of which 
has iw'ti interior t^iu part me nts, the latter being larg^^ dark dens 
which ought to be removed ?«> m to give free access t<j the exterior 
cages.'* Behind these dens there is first a long serviias gallery, then 
four great grilled cagi^ projecting without the building in whldi 
the utiLmuIs may enjoy the outside air, ♦ * * pl_ j_j 

Tlie pinnipeds are replanted in the garden by sea lions ]ind j^aU, 
whidi live together Ui a very fine large inclosure eonstnictwl in lOOii 
(tlie pcu-lions pond). This inclositre is occupied almost entirely by 
a large pond LHO meters in depth near the shelf from which the ani¬ 
mals dive, and surroundetl by shoreg either grassy or rocky. In tho 
middle of the poiul are three litlle islets and at its western end a large 
struct uro of rock work in which are sleeping caverns for the animals. 
With these animals, giving a little anintatioii to the scene, are a 
dosseti piiguins, w hirh have bred here during the present year* * * • 

= I loaru recently from tbe mecretnry to Ihr conncll tlmt lliere Rtv udw 
UifitiilkU above tbe serTlfre jpUeq^ n certatn nninber qf brlUEi^ by wlitcb tbe 
Maliualit mjir bare frestr neceM to tbe esteHoF ea^es. 
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Tilt* proiioscidhitts urt* ii*prei»ntptl by four Indiim elophanls uml 
miff Africtiii ckitlmiit. Thtiir bouse Ims u broad public corridor fiorn 
whicti ojicn Piglit lurge lilalls, 1^'ithoiit are two Inigc padilnoks witli 
flwp pools. In the same liousse ate found u two-liorned Tndinti rhi- 
liOcurosT an enormous single-liorned IiitUuii cliiiiotsroa, nntl a very 
young African rliinoccros. Aiiotber young Indian iliUiOferotJ is in 
the Prince of IVales collection. 

TJie tapir house, heated in winter, comprises, a paddock nnil an 
interior stable provided with a large tank. It contains tlie two spC" 
cies of tapirs—Indian and Pruziliaii. Jfoor this is ti iine series of 
siHJcimens of the wbra, inchiding ail the existing species, Viirious 
Species of wild iisHtus, a Prjevahiki’s horse and a rcEiiarkuhlc hybrid 
Uftweon Hurchcll’s stebra and a mare, obtatnefl from the Transvaal in 
IJHW. 

The swine family, such as I lie wort hogs, the n*d river hogs, the 
Uiibiroijssfls, the peccarju, etc-, are in r building thut will no doiiht 
soon be replaced by one lietter adapted to the iiceds of tUese animals. 
I'he fcnuile liippo[wtaiims esliibitcil hiire was boni in the, garden in 
t&rS; she is placed in a wanned stall which commiinicates with a lank 
nearly meters deep and with an outer paddock which has another 
still deeper tank. 

Hie giratfes, very delicate uniniab, requiring a]i«:ial care, are 
n'prtfsented by a femnle of Girttfftt ('awefo/wov/n/k iiiqairted from 
southwestcro Africa, and by a young pair of O, e, AfititpHtFum from 
ihe Egy'ptiun Soudan. Tliese animals are placed iti tliree hirgi* stnlls. 
huving I lie ground covered with fine, sand, without litter (except for 
iH'ddiiig). heated during winter to 10° C.. and cominuiiicHting with 
large inclosnres njHfti to them only in sinumer. * • * 

/ibvfff.—The PasMcres or perching birds are represented by a large 
nomls*r of tropical species distributiHl in four aviaries. 

The Western avinry, ST meters long, dating from ISrd., but recon¬ 
structed in IM-I, has fifteen separate cornpartnieiiLs and a large cni- 
trul cage; each ctmipartiuent has a retiring cage covered with giiow 
wliicli can be dosetl and boated in winter; in fnmt of this la a Hltlc 
gurden plat, part of wliich, covered with sand, has n little circnlai- 
Ijiithing pnol, while the remainder, covered with puss, has three nr 
fiiur of vaHoiir? ffpecifs** 

'rhe en^ttrm uvini^'' t'ornprisort a lon^^ row of which w<?re 

nod itnprovcfl last year and whi<‘h can now Iks heated by a 
welhdeviscti hot-water tiystrni. Tliey serve a |*eninini*fit 
dence for a larpv! nuiutierri^f tropical hinh and as vvUitcr quarters for 
certnin othei^i phnjcd during summer In other cages. 

Tlie birds of paradise and the humming birds are ropreij^led only 
by Parodisca apoda^ P, and Uicinmrm regius^ which are iilaoed 
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in tliL" jrisiTt liuusfN Otlii^r triipieiil jti.stihir litPili^ !in> in the 

ptirnst lii:nis(\ By ^rit*r^>sity nf Mn C\ C^urnikon' tlw. Z*h>|(ipail 
ScH^ii'ty hin< this yeiip ctRunieiiiiMl the* nis*ti(iTi of it uvw iiviar\% 
whtdi will Im; exchmv^ly fnr tho ^sIigUlt iif delirute 

Hu* [lurrolH line ropre^nted by u liiitr surii^ of sjjeeiiiitjnH that la 
doubt Ec-sa the tjest collect [oti uf eIhxsi? lunjn to \h*. found in any SEOolofr- 
ical ^irdprj. Tlu'i liou^^ 11:^1141 led to them was iiK'oOiiinictttil lit 1005; 
it iLicunpri«»s ji central liLiiLditij!^ with isidiitiMl iintl a t^crie^ of 

liirp^ rontt>ortmeiits with suruly IxjttoniH, fsoinc InctosiHl a ml .some in 
tbi- iijmi uJr. 

This ho^J^«' Aocs not enntaint howoTet-, all Uip piiri-ots tliat the 
den |K}ssessi?s. Smiio yrajs^ iigo It WEis found by trliil that n iui!id>er 
of indicitbiids do iM^lter in the o^wn air tbun iti obised uml these 

lire now kept in the esiNiil bjink iiriury. This Luihlin^, which is 25 
ruetors loii|^ by 12 wide and tO-12 hijrliH, fuo*s the canal; I he f^iiitb- 
oa?;t side is j>rt>lct'led by ii stet^p slo|ie flown wliicli a stream runs fmiii 
uti itrtilieiiil ^nitto; tbe thm^ other sides an* sheltem) Uy hir^e 
th'siiltH this li iiimdM*r i^f sheitfTS n^rniiist wind and i-ain are plumi 
aloii^ tbe aviary. Artificinl nristSt where iiiony sjh'cic^ breeil eiich 
year* are pnwidcHh The. raptores or jimliitory birds urc placed in 
Hve dilTerfiJil aeiiirles* * * * 

The m pi LI tie birfk f well-footed and wading liirds) lire si’u tiered 
Lhron^hout the garden in at least Hftren different, phuois, Q^riiiEU 
S|MH-ies of swuritf, and dnekis are plu™l in hK-alitie.s w arran^^d 

that they liJfed ri'^ularl^'. Tbe ladles ms am usually representetl by 
thm* dilfemiu jspecies: the pf*riguiiLs have bci^n placa^l as I have al- 
n^ady meiitioneiL with tlieir imlurul associates the se^iiLs; other iliving 
Idrilit. llie eormoPEiuts and Ifingfisliei's am [diut^d in a lions^^ H()eeiallv 
ronslrncted so ns to iitTord ihe pnblic lui opportunity seviug bow' 
tbi^se birds |>ursiie their living prey under wider (tbe iliviug liirtls' 
botiiia*), A certain iinmlier of palmipeds ami siiiall wmlei^ live to¬ 
gether in one of tlie |M>st aviaries of the gnrfira (the waders* ariiiry) 
in part of whic^h biidies mul rushes have l>eeo planlerl, while the rest, 
is Of^cupifsl by a small fHuid with shores of sand* graveh or iniuh 

Tlie gi-euter liiirl of the wiiding lairds am kept, Tmwever, in two 
large nvinrfes rallri] the gi-eat aviar^^ and (he MOulhern aviiiry. The 
latter, which diiEes from 1205, f!t>nti!ius rock work so arrangiHl as to 
olford a shelter to the birds mid (M^miit them (o set fui their eggn, 
Tlie other* rwonstructml in contains a luiinlx^r of slindis mid 
irces wfiich almost natural c^Enflittons to the birds tlmt ocrnipv St+ 

Tlie luosi intures^ting pillinacwms i.iials in the garden am doLi1itle=^ 
the briish-ttirkey.s Avliich live in ti laige iticlosure t^>vereil with wire, 
where Uicy nc:,! rciruliirly every year* There ia a fine collection of 
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plu»iii5anti% Jii tile ncprthfm plipa=^iitry, tlie wcstPlTi pUeji.saiiilrieFi, and 
the eji-stijni plieasiiiiirj* 

/i'flpiikk ifmt bat^r<iekhns , — Tliese iinhnalii nre mi as weU rep- 
rc^nied as tlia mainniiik and birda. The snakes among^ which ai-e 
some Hoe python?* and boa^r, ilio Ussanla^ and some )>atnichians ace 
pliireti hi a hfnit^e vvliose lenipeniture is kejH lUroii^bont the yeur at 
24^ C. Tlie tortoises ans in li neigiilKjring building. Tlif^ two 
sLrnetnres luive noLhingespecially remnrkable as regards installation; 
they are covered with glass mid contain a profusion of hot-house 
]>lants which gi%'es theui a niotfrt agreeable appearance. A number irf 
ehiiiiielwrof are kept in the insect Iioiiscn 

/-Wir'A.—The fishes tire still fewer in nnintier than the rt^jvtih^ 
and butraeliians+ hijt iliey art? represtmted by some forms that are very 
inltaK^sling fi^>rn a KoologicTil point of view. 

— ^Thi^i are represtniied by land criiljs sliown in the 
reptile Iionset hy some iti5ieci^ myriajxklsT and large^ tropical spiders 
in the insect hoiiK 4 ^ Tliis hollst^ vvlucli was L^jinpletcly rebuilt in 
iSWb Occupies an area of alMitit <j 0 f^|iiore iiielcrs* Its interior is like a 
cTonsiTvatorv, In the it;* liter are the cages for the birds of pa iodise 
I:)efore mentioned. Around the walls are placed glass cases in which 
may tif! seen orthoptera and n I'ertain nunilxu' of lepido|itcra in the 
iilate of eggs, coeoons* or bnttcrfiies. 

RH IKl'OI. Kl M>M:aa ICAI 4 u AIIDKX * 

The zoological gurden at liristol lielongs to ilio Bristol and W'e'§t of 
England JSiwdogiral Stuciety, a limited eorporation foumled in 
This society* atIio^ otdy object is the maititeiiance of its zovdogiral 
giirdeii. \vm eum|ni?5ed. iJi IDOri* of tijjir) menilx^rs* from which is 
elected an administmt ive counriL This council is i^oinpix^'d of a 
tit^usinier^ who in the executive ofiicer (I>r. A, d. Ilarrisoii)^ a sec^ 
retifciT (Muj. G. F. Kuiiis(.y), and twentj"-four mtimbei^s^ who form 
craiimittet^ on the menagi'rie, the garderts, uiitertahmient^ mul 
fimtiiees* The enuni il meets regularly every three nionths iiml juih- 
Ushe,s each year n n*[>ort that is flisciisseAl at n general session. 

In ltK.>5 the total receijrts of the society mnonnted to JJs. itil. 

Among the items uny the following: 

6 1 . *1 

^itml^lOTi ntiil oiilt'riJklnttieniH^ ____ S12 2 0 

KiitwTliitlons ________ T2i VI 0 

Uestauniiit — - ^_ 1 , it S 

of UrltJi: HnlmalH^-^,_____ -1 0 

SiiJe vt residue freia jjrwvSdEonkt {Hklns,, tKMit^ 51 5 4 

The pirdeii Is mlmiitinEtPiicd (under tin- ^>neml direction uf lilt- 
Irensiin'r) by ii suiwrintemleJiL, Cupt. E. W. Ih V'illitTii, wiu> bus 
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under his orders twenty euiiplajeeSf of whi<!U there are one hesul keeper 
and six underkeepent of animalThe total expenses of the 'garden 
in IdOr* were £64IS, among which an? the fullowbig: 

£ t. iL 

SaJarJif# nml wnaes-™---———---- J*tr23 i 0 

Food Aud Mtter for animnis-. -~ IS '* 

PurciiiiseH of ^ — TO 10 0 

ffefvLErK _____ 10 1 

of pinlatlog- . ■ - ______. 14 10 

The zoological garden of Bristol^ or Clifion ZoOj us it js called in 
England^ is situated at llie foot of the pJatenu of Cllftoiu northwest 
of the cityj in a relired and Weltered locality, occupying an area 
of 12 iacre$. It is Open every week ilay from i> a. m- until sniiset. 

Itnniedjately on entering this garden one is stnick wdtli its fresfK 
parkdike aspect^ everything Iwing well kept and pleasing. Indeed, 
it coiiihines* «s orie may say, tlie besi effecLs of a menagerie and u 
l>rjtanic garden. There ore to 1 >b i^en beds covered with gerntiiums. 



Pl«3. ] G^Q4?nil T^^ILn of ILon huvuv. llrtftLdl Oni'ilph. 


fuchsiasT yuccas, agaves, fan pulms^ etc,, clumps of rhoilodjendrons of 
voritais selected species^ and a great number of fems whieh together 
certainly form one of the finest eoilectiofL$ in EnglumL 
Tn the center of the garden are si>ncious lawns wlicre wild geese 
of n^any varieties wander at liberty* and a little farther toward the 
south is a fine Sake with wooded islets whieh elfords u home for 
waterfowl. Tliroughnut the place clumps of indigenous ur exotic 
trees tastefully surround the animal honseS;, which are tltcmselves 
sometime^ coverrHl ivith ivy^ w'istarias, or wild grapevines, Ileci* and 
there statnus and omaiiiental vasea add still more to the charm of tlie 
landj^cope, Bc^^ides, the trecss nnd shrubs hare been so ebot^n that 
the garden must appear in winter almost as bright aa when I mw it 
during the month of August. There are bj fact pines, tteJars, ai'^u- 
carius, .sequoias, lind live oaks, mingled with ailantujses^ sumacs, 
bindies. elnif^ beeches, walnut trees, oaks, thorn tniea^ and especially 
holly trees, of which I was able to count twenty different J^iiedes or 
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vurietics. Thnse varieties, which iliffer from each other in the cohii’a- 
tioli of the lenvt's or the fruit, were produced in this very gurdcfi 
eitlier hy predetermined sejeotion or the culture of acd< lentil I 
sports discovered in wild or cultivated plants. 

The Clifton Zoo contained at the time of my visit 107 mammals, 
nixait the same number of bird!;, and a dozen reptiles. 

Till; great Fdida:, represented by eleven lions, three one 

leopard, and two pumas, were placed in two large houses, which were 
found immediately to the left of the northern gate. The first of 
these houses, the new carnivora hniise, constructed five or eix veanj 
ago, presents in front a fserics of fine large exterior cages frt'cily open 
to tlie air lx>th and above and ll|)Oii three aides (pi. ii). Tliese cages, 
ornamented with colored glazed hrkdta, <rommunicate with I he cagea 
within the house, which is lif^ted from above and has its walls like- 
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wise facuKl with colored glazed brick, im parting an aspect of brighi- 
iiesiri and clcfitillned^ that I did not often find flli^vv]iGn\ 

Tlic second house for kr^» Felidit^ b a reconstruction (not yet 
finished in Augu^t^ 19(M5) of the old litiii housc^ which dated from the 
incc'ption of the and in wikich were exhibited the 

Virtorin, >vho gave birth to sixleoTi cubs in six litl^rH (one, two^ three^ 
fivo^ fhreOi and two young) ^ the lioness Lady to four, iiiul the BoneiSsi 
Flo to fiix. Tn spite of these results^ the n Jminisi rative (?oimeil 
F(«^oived^ ill view of tlie ago of llie btiilding* to reconiitrtict lii, or 
rather lo cnliirgo It, following the same general plan as llnit of Uie 
preci-'ding building. But the eonncil asked the architect to pri^scrve 
in its primitive stale Ihc old fai^nde^ which bad been covered with 
verdure by time* It Is doubtto this circomstanco that is due 
the plan which I shown on figs* 1 and 2* and which seems to me ought 
at the present time to serve jis n model for structures of this kind- 
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llic iiioiiki'y ii 111 tie fiirther L-ontsihuvl when I visLttxl 

it sijMie twenty ^^iweinieiis, urid b eori^i true ted on thf^ ^nmc priiieipln 
of tlje uiiiriiiib at all tinier ncL-csij tn u large estorior 

wliert* the rtir oiti freidy cireulute cm nil four uicIls. llijivcver* a yobiiig 
malv chinipsiiiKee was pkml in a gluxed cage in tlie pjirrut 
arid h nirely taken out intcj the* garden. 

Thi^ aviariea pm'^nited iiutliiiig cm[HHTiiiUj worthy qf note. A ter- 
tniti iLoniWr uf birds are allcj^wed roinplete liberty; for eAainple, a 
pair qf Amerirnti {Ilrruirlif maffelimucft) titsst eveiy I'enr in 

qno of I be thirkets qf tbo gardufi. I also noted two Benin owls (tiubo 
j inngnifit.^^iiij rare birEls^ that ounie from one of the hottei^L 
region^ of tile globe^ and wbieb nevertbeleiS liave for six years done 
very wsdl here in a small rage wit ho lit artilirml heal nnd expose^l 
fmdy tq the southwest wiiuL 

In the repule holme, near that for Hie pan^ds, wa?? a pair qf lioa 
canmlrirtcsrs, the fumale of wliinh hrooght forth in duly, l8i>S. a litter 
of twenty-saix young anil i^inre Lluii time lias liorrie tlir*M? other litters 
lif ttdrty-live* thirty'Ciiu% nnd fifty. Some of these hnve liled; the 
ganli^n has ^>|il the* otlu'rs, keeping only a young female to rephire 
the mother, wdtu liird last year, • * * 

SUtcaJMSO'-y. CLiHJ>£N at -^lANeilES'fER, 

Uie Zoologirni thirdcni at Mojidicster (Bellevue GardenH) is a 
private enterprise, (originating as far baek as At that time a 

certain .lohn Jeiiidson installed at ?5loek|jort, 10 kiloziieters from Man¬ 
chester, a little menagerie wlueh be exbiliitrd to the ptdilic for an ad^ 
mission ft'e, 8011 iti years afterwainl he jdiandonecl thm first estitlilish- 
merit to buy soiith£»ast of Mam-hesler soiiu? 80 aeres of land, where he 
reinstalled Ida enlarged iriemig^^rie and added a I urge- mimlx^r of at- 
truLLions whiidi hiH sons, the present proprictoi-; of the garden, hove 
SKKV InrtliiT develoja'd. 

Ibdleviae (oirduns ean hardly l>o tamijjaml witli tlie mologieal 
ganlens uf London, Dnhlin, and BrisloL limy form indei^il a vasi, 
tx-rniiiiit nl fair groiimL o]>un every day to the ptdilie from 0 a. rn. to 
II p, m„ visited ou holidays by ZbJXm to irnOtHi tKTSonsi,- An enii- 
menitmii of its prSiicipal utlriictifins will give a fi^eble iili-a of llir 
activity that prevails, 1 fmiiid there indeed numerous bans and 1 ^ 
tiiiirauts. Iargn« bull naims ami dnnehig platforms, a mnsenm. a mov- 
ing-pieln^ exhibit. 0 - Jimj^ - .hooting range, riding Ii«r^ pleasure 
waits and^ modinriir'a] veloeipnles, a maxe. a tennis courts a ground 
for at] 1 1 dir exercrlsi^i, a very carious pnnorama representing thi^ city 
qf Ibdhi, an immense wooden stnirtnre arranged hi tlie form of an 
amphitheater oji the brink qf a broad water course repre^aifing the 
Jiiinnn, on alUnent of the Ganges, on which plies a little steamer for 


=-TLi> aUail^liiiirt uimkhvt nlwait l,ijou,<Kiii \wr yf^ar. 
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the iicromnuwIntiniL iif nn urtUiHni hike 3 arrej? in extent 

and oil whiL'h arty likinviHfi two riteiimers siiul niimemii.5 pieiiwiire Iwatii; 
khelien ^inleJiH aitii pleasure iiurst^ries, a tubog^iii Hli+le, 

cuiis-en utorietT^ ele. 

[ii the midst uf siiHi diverse utt ructions as tlie^ ane found tlie 200 
yitnhf or [iiads of the itienii"ei'ie in which arc daily fixl nearly 
lAKX) animitls mammals. WQ l>irds and iK) reptiles), some of 

which merit our at tent Um. 

llie monkey Jioii^c in particular is perhaps die finest one now ex¬ 
isting in the f^irdens of kliii-ope. It is n lar|^e striictuic- of Mooridi 
style, w iilely lighted and ventilated from ala^ve an<l fruni the whole 
of the western side* but not heated throujj^hont during winter* It 
lauitain^ first a hirgii tjentnd cage, 27 iiieters IiHig hy 7^50 meters Avide, 
iij wlik-h there arc some fifty monkeys, priiicijadly habiams and 
tmicafpies. As a piHmliarily of this cage I noted the presimiv of 
various playthingii which setmied to me very iiseftil for sjitisfying the 
neeit for moveiniuit and inldkx'-tual nctivjty of the animals: there 
were ratth*s, Iwlis, roclcing trapeses, IjLiliinring poleH. hang¬ 

ing roj>es, a hirgi^ wheel anil turntable^ ji pigeon lioMse and ft well 
wdth a ptiinp. by means of wdueh the rn<Jnkeys eould draw water for 
theiusdves* a dumh waiter hy means of whi<‘h Hiey cuidd draw up 
si-mhIs and other dainties; finiilly a little house with ojaai thjors and 
wiiuIiJWH, Avliich Avas I lie njily place lieatci] during the av Inter* 

This eentral cagi' Ls Hurronniled by a brnud pnlilie corriilor, in which 
an- lianging liasketa or [Khdcstals for gn-^^n plants or flowers; along 
each side uf the btiihliug is a scrieij of cages eonnnimicaliug with 
out-door cages. Tavo uf tliese Jaterat nigi^s thrown togi*£[ier form an 
apartment for n vcuiiig Kooloo-Kaiidia ddmpanzee: uiui of theiio 
cag^^shas a wiirmeil retiring cage, in the form of a long box. in which 
the animal gi^u-rally passes the night; the other chamber^ contiiiiuug 
a wrtain mnnlKU- of playthings with Avhich he uceiipii^ most of \m 
tjiiiiv f'^itmuiinieati^^ widi the eorn'siHinding exterior cage. 

There an^ still other iiisliillatiuns for the nionkeA^s (of which n ncAv 
.sfwii^ uf diiiij^aiiiitiH^ and u hainadryas bal>ouu have liml) sit mi tod 
not far from lliis hirgc^ house, I again notiHl here llie incresifitig 
terideiiey to phux> the animals in the cold open nir;‘» a treotinent not 

M riSioWvil lit the vral oE Iasi Jnuruiry. a letter fmra Mr. Jena 1 huh «nylna 
tlmt Ilia chliniHaiUH^i-w In ver^ (^hn] Ueultli, and ttial tlifv ^tm, at limt 

time, a rart «f llielr llf€> in the opi-a nlr. He laforaKXl me at the aauie 

time mat he win* ahuat tn nild to the jrreat niouke^ lailace an Djieii-alr csipa? 
havlni: tlic iliiueftsioas of S Tijr S hr h an terti. Deslika, all the n on the 

weat NUIe of the lini\^ Imxti taikisti out, au aa to iNirtiin the exterior air 

to ktive fn^^ 4f^^*P6 T-> the vers- Interlnr of the hoaae. Mr. Jennlitoa adda, “ tn- 
di^Hl we fmve n^niartuHL that nne uf uiu ziuaiheys llmt Uve hi the oihmi Ltta 
ever suffereiJ from i*atiilpitH yf the Sower IlmbR, which la fatal tn m many of 
our ijtlM?r luoakeys." 
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ronfinoti to tnotik^ys iLlone- Tlio honj^ in wtiicLi tlio oleptiants iiro 
kept (these Einiiiials being in the gafiieu. fsi:[M>eitiIiy as jx*r- 

formers, in (lie great pfinLoniLmes wilh lireivorkii which sim exhibit 
on holiilays iti Lite j^anoruuia of Delhi ulm that for Uie rhinocerciHeH 
iind hippopotatiii, h never heated dwring the winter, and the 
voir from whieh spring water M clratrn for the ImiiIi of these aiiimiilrt 
is often eovereH:) with icci this does not appear tn Imve any Imd 
effect upon their health. Then^ t he pumas ]my^ I Mien liviug for 

Bonie yeai's in cages w'hi:a*e the gruiiiid j-S covered with snow* in tvin(erj 
Jtfii] the spotted iiyeims that fidl flick in wanniHl houses recovered their 
health wlien they were giveii this Jicw^ o^HUi-air tri?atnient+ 

However, as a survival of ancient crrtJtw^ the for tho /’’fz/u/u, 

when^ I noticed ajiiiing other animitls u Utintifid tign^s^ !>pm lienr 
in May^ IPOOj is constantly heated to 20 '^ to 2 '^^ C. Stilh I note tliut 
the cages in this house are largo and well ventilatcil. They are also 
decoraterl with fine uinral puintlngHi The lionesscB have bred hem' 
uccaflionally. 

Tlifs cage for largi* non poisonous snakes is lieated to a tenijx-ni- 
tiire of 57*^ to 32^ U-t hut ihifl is, niilesH proof to the contrart' is foi'ih- 
comirig* a iiect'^ity jiUrtiiieil hy the givud nssilUs obLaiiied. This cage 
eojnmt]fii<.iatcH! freely with a ?mall cort^i^rvatory kept very humid 
and Imviiig a liixiirtatit vegn^tation; it Is iti^df a sx>aeinUK hothouse, 
lung by H meters wide luul ilJpfj meters high (pi. iii); its 
thx>r^ of w'ood, raised al>oijt I meter above the ground^ and pierced 
hy ventilating flues }>roteeted by grillagt^j covers over a sort of ccdhir 
ill which are the conduits fur heat and watert the hitler are sur- 
rounded by small hot-air jiipes so ibuL they coostantly deliver tepid 
water to the large basins frei|iiciitGil by tlie jiythonfu When I i^iw* 
them, the tmakos did not presenL at ah the torpid as;pcet that is usu¬ 
ally seen in such collectioin^ When I entcrixl their cagi* to photo¬ 
graph Uicm the ke<-per seired flOxnc of lliem to place them as I wished 
and it whs really euriuiiii and soiiiewhnt terrifying to me. who wais not 
ficTcnsiointMl to it* to hear thdr repeated hissing and to sea with tvhut 
vivacity they ran along the ground, climbtul the ti^ee or s^vam al>out; 
in iheir biHin. There were theio a few small non venomous snakes 
and about thirty boas and pythons, some of which WiTC 20 feet long. 
They eat every three weeks, wuliter and summer^ or rather at fliit-h 
|)erinds there are ofTerc!:! to them biilfl, Slicking pigs, rabbits, giihiea 
pigs, chickens^ etc. !Many of them copulate, and sometirne^^ eggs 
livid which, however, Imvw not ah yet been batchedi lUtiioiigli tho 
females pet upon iheiii constantly j thus, m April, 1004. u large python 
remained for two months coiled aixiut a nest of fifty without any 
reriult. 


5m-th*nrti4ri Rvpari lAQ?,—Lumi. 



Reptile Caqe^, Manchester Zoqlsmical Garden. 
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Till* snnke cage y'vns ali^ provided with tniiifcs of ttess^ aud it 
wiifi further nmamented by flowers and giwn upoa wlikh were 

eJiiftbing green and gruy lizartls or chameleons from northern AfricLi, 
and iiinong them there Hew nlKiut cardiisals with Uidr red heads* If 
I add lliut numerous globes of electric light illutuiiiate it luitil 11 
p. m.j when the Hiiakos, nocturiml animal^ are in full actiiitj^; if T say 
furtlier thut tho xdsiting public finds itself in a hothouse where is 
cultivated a jiiirt of the lltiliteri anean flom^ I w-ould give but a feti-blc 
idea of this beautiful iiistallationj which 1 did not find equaled in 
otlier gnrdens- 

There are still other installations of animals at Itanchester, which 
repay a visit. I will mention a hndn for sea lions that couimutikates 
with a large covered fish pond having seats alwut it like an amphi- 
theater* Here I he public may witness the droll evolutions of three 
Califniiiia sea lions that cUmb stainvays, jump off an elevated plat* 
form, jump over percheta or through hoops* hold on to trapezes^ etc, 

irulVATK MEXAOKRTES ANU FKESERVES^ OF WltJl AKIMAIJS. 

A very large number of English and Scotch proprietors like to keep 
wilfl animals near their homes. Some of tlicrn^ such as Sir Cl. AleJt- 
andcfy a I Fiiygiite WootU Horslmm, SmsseXj and Sir llobcrl Lead- 
hotter^ fit Hazletiiere (Bucks), have veritable mcnagenc^, with lionss 
pumns, leopards, hyenas, or wolves; others prefer apiary birds, such 
is Sir D. Seth-Smith* who possesses about 200 foreign birds. Most 
of the other lurge proprietors raise in their parks deer, gazelle?, 
moufUons^ goats* and exotic sheep, as well as cranes, fiamingoes, rheas, 
ciE^waries, eagles, and owls. 

Many of tliese parks arc vast expanses of meadow or wcnxI, taken 
from ihe old forests and inelixsed by walls or fosses at the time of the 
Normati conquest. In ti certain number of them openings have lieen 
miide in such a manner that the deer of the neighborhood can easily 
enter, hut can not rcturm 

Ill Whitaker'S Almtinac for 16&2 there are enumerated 3&5 of theso 
park?, incloidng 08^^^! head of fallow' deer and o4TT of red deer, in 
England alone, without counting those of Scotland and Ireland. I 
could not think of siting thcni alb but some of them deserved alten- 
tion^ eillier KetTuuse of their special interest or of the importance of 
tlteir collections. 

Prateri^'e^ cattle .—I thought besirt to first seek those antique 

parks where still live some herds of wild cattle^ descendants, if wo 
may believe Sir ^Valter Scoti (who appears to have been mistaken), 
of tlinsij Tauri mlcestres or aurochs* which w'ere, as he says in ooo of 
his poenia— 

Mlgntlcfit of all the hei^B of clmee 
Ttml matB in OtletloD. 
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Of imrky, ihiit uf Cliillitip^liji!ii, whirh to Eiirl TmikiT- 

ville. and wlildi, .^ituatod lo tint mnih nf liur%viLk-ori-TwL*eLL \\n^ on 
iny ruutt^ to i?cotliiiid, tliq tnt&i iriipurinnt nnd tin? mo^it inter- 

pMuig to vmL it onh" on nceoimt of ils jna^ilfk-pnt crthtli? snul 
thi^ wlkH^ioiiH v,-hivh it I’ontampi, 

Tlic p«rkj Kurrouiuleil b)' a .stone wall built in 1230j lias tm jm^n of 
ijiJOfl ncm4; itb Ei|jjx>r part, in whidi the fallow n^d anti 

wild cattle livci, h ccaoposed of siindy ilaL^^ rfivioes^ and wooded Idlls, 
Nj ivliich the iiniiiials usually retire during the day, its lower purt, 
sc“[ian\te<:1 frcaii the other by a has iar^r plains^ wherr 

ihe animals pasture diinnjv the night, tlie gates Ix^big left oj>&ji after 
I he fonige has been gallierixL During the winter there ure left on 
Ihese meadows bijnt]les ui hny whieh the animals j^eek out and eat. 

The wild niilleof Chilliughajn have, at liirth, a pore whili^ ]M'higi‘, 
which aflerwards Ijecoines creamy white; but tlie inuzrde, liiarfs, and 
vnyh fd the homs are black; the ears are reddifJi lirowii and the hair 
on ihulr interior is brown. The eyeij have long lashes, which give?^ 
to tlicir gu/A? n depth and peculiar character. The forms of their 
limlies are hiimioninuji^ their backs nre horizontal, and their shoiilder>i 
mv I iron d. The skin is thin and the weight of the skektoii lighl in 
proportion to the total weight of the body* 

Tla^ aniiniilM He down for the greater part of the day^ not usually 
descending to their pastures until nigfah Tljey are active in their 
tnovetncrits and in s|>W5tl of riintdng can rival ii horse. They are ex¬ 
tremely irtrong, and one of these cattle imprisoned in a small inL'I(>siirt! 
ha^i lit'eii known to jump out over a giile 2 meters high wdthont hivak- 
iiig ih 

The ChilHngiiam herd m now composed of aliout (SO head; this has 
Ixen the cemstant averap' for a mimljcr of years. There are 3^0 to 40 
ctws, lu to 30 bidLs ami 7 or 8 calves. They live all together, uioriiig 
fnun place to place inulcr tha command, as it ap|>eai‘s, of a lca<Ier bn 11. 
When this oniiual reacbqa u ccrtiiiii agi\ an average of S local's, he has 
to ilefend himstdf agiunst llie younger hiills^ wUu wush to delhront^ 
lutii; violent combats then take place, and the coiu|iiereth ivho giui- 
emlly I he uhl oiK\ is rlia^il from the liertK in which he is never scnui 
111 ri'guiii Ilia phio'; he remainii solitwty iimL in that state he is 
extremclv dangcrona, he is killed. 

When the bulls an? too rnmierotLs an attempt h made to eaptim^ 
some of them hy placing food in a sniall incliiisure: when they have 
enterwl they are tnsooed and cat4rated: wdieti these oxen are again 
given their liberty they rejoin the herd, where they are always w^ell 
received. 

The cowa begin to calve at about S yeara i>f age and live, ^>n the 
avenige^ aliout U ycat% They iiliandoii tin- herd for a time to give 
birth to ibeir young and to suckle ihemj keeping cdiarge of them until 
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11 ivy isrv 51 yviirs nUh il sciiiivtmifii hjip|ieiLH ( hut 3^01 iRg csilves arv. 
Hhuiiiloiied iind tnitupled 011 wIivel tlie livni iNrconie^; fnji:htL-iivtj and 
rutiH qwd}"; mmo of tln-iu div, others am^ foiinil vvoiKleiin^^ in tliii 
wlktiIst and cnn then \x* easily caught by haiKl, l>iit it is useless to 
L-iiptiire thorn for pref^ervatioiu as tliej' become too rlangeroiis* 

From ISriV to ISM there were maide at (.'htlllngham tTOSscsi !K>tvvoim 
the iv'ild cows anil iloiLie^iicoted short-htarn hiillit, The liyiaridif (hiin 
ishtaiiiLHl had a {wit of (he wild type* but the blm:k color of the iiohMi? 
wus ri'placed l>y 11 floJi color or uinHiled (inU anil tJie brcnvii hjiir^i of 
the ears ^leru more tlevelopcMlp These? indi vidnals wert‘ slill of the 
tiild tj^per they hail the JUUKenlar vigor* the li"litlii*iis of hoiias, and 
ilie hue I’arrlnge clua to the sjH'ria] dewlopnieiit of the shottldetM. On 
the other hiiud^ their meat was sy|ierior Llnit of llie Chillingham 
oxen, their weight was heavier, and tJicir development more rapid. 

It should lx* noted that theso h 3 'hrids have never tiad any contucE 
with the wild herdt so that the rsiee of the CliillhLghuui cattle has 
always retnnined alisohitely pi ire. 

"When I left (ilasgow to tvtiirn to England f also fon nil npon my 
route another preserve of wild cattle^ the park of CadKow, situated 
IS miles from (jflasgow, near Hamilton. This [iark, which Ixdougs 
to ihe Duke of Hamilton, is a little larger than tInU of Chillinghaiu, 
hui the stone wall that surrounds it on all sides? flatcs only from the 
hcginniiig of the nineteenth centijr 3 % It has an extent of 1.471 
acres* of which ana pasture land* 2^ in river and 527 in forest, 
Hhere one nia\" see ma|niiJicent oaks centuries old. This wood b 
tiie reniaiiLs of an okl forest that extemlrd on the east ns f»r as the 
Xorih Sea, the park at Chillingham representing its eastern ex- 
tn^jijity. The park at tlad^ow has no f>onds, marshes^* nor hilJfc 
The cattle of Cadznw have* like those of Chillirighnmf a white 
pela^ with a black inuisj^le: hut their ears and foi'e feet nm sunie- 
times aLs<) biackp (hie of tlieije cattle was exliibitel for a few daj's 
at tlir London ZHwlogiwd Oaitlen. 

The bulla have a ver}^ broad forehead nnd a long face* ibe shcadders 
and fore part of the ImkIv are heavT* die neck archetU tbe flanks and 
imsterinr pJirt of the Ijody light; iheir height at the shoulder is 
^A^2 m. The cows are smaller than tile hulls, tint they havo the 
same giuierul fomi; it is to Ijo noted fadv that their rather narrow 
iinse enlarges as it approaches the mii^j^lc. 

Cows from the Cadiow park have also been crof^sed several time^ 
first with the Chilliughain bulk and then w ith bulb from Walei^ 
These cattle are not allowed to rtm thmngbout the wltole externt of 
the park; they are confined in three large plains of IgO acres* one of 
which had 20 adult cows, the second 10 cows and 5 heifei^s, the thirrl 
8 adult and 5 young bullfk During the isumnier these animals re¬ 
main night and day in the fields; in the w'inter some of them sect 
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shelter in shtfh built fur th€mi, but others merely pat^s the night 
under the trees. 

The eowH Jisive their firet young at 3 years j when calvmg they 
tihvnyss themsdve^ from the herd nnd keep their eulves hidden 

for ,^venil cliiyi?, duriug ivhich time they ure very ihmgerous. The 
calves ara Treanecl fit the age of G months. 

The (,*vvg are killed when they reach the age of 10 years and the 
bttlU accoriling to cireninstancGS. Hie biiDs ii^inetjnie^ fight wiih 
each otSier. The herd hIumj sometlines turns upon some indivitiiml and 
kills it or at least forces it to keep awa 3 'j after a whdo such a one 
someiinies siicceetis in regaining liis place in the herd. 

Park of fhtka of /fi^dfordi at W{}btirn —Tlie chaiefin 

of the Duke of Bedford, situated to the Houtlieast of the city of Bed¬ 
ford, is surrounded on three i^idcs by un interior park in which 1 
noticeil an indo^iiire where young Ohtriches were li^Hiig and a large 
pond devoted excliniivel 3 ' to the raising of guhlfisli. This pond is sur- 
rnunded hy a liorizonlnl grillage 1 meter broad to prevent tho aqimtin 
ancj -stnithions. birds from jiiterfcring with the IibIi; they catch their 
feet ill the network of the grillage and hasten to aUtrLdoii such an 
iincoiu for table place. 

The wciitmi front of the chateau looks out upon the large park, 
which clovers a swrfa4?e of 3,837 acres, estending around tlie grounds 
above mentioned. It comprises an undulaibig plain (lj4S4 acres), 
woods, heaitis, and 50 acres of water distributed in twelve large 
ponds and many small ones. 

I arrived at Wnbum unexpectedly. Her Grace the DuchesiS had 
not been able to group the animals in the park ns she had intended 
to do for Ihe time that I could afford for my viidt w'as^ only 
sufficient for a rapid survey of a portion of the park, during a drive 
behind two beautiful horses, and yet the spectacle was such as but 
few persons have ever been permitted to behold- 

Ijparing tlu? chateau bj" the great north door, we immediately en- 
ten?d a vast, plain upon whidi we ^w great herds of mmi- 

tiJUiLs which rted at our approachp 1 recoguisced Uicrc bands of deer 
of jisveml species, llam^, sselitis, j^aks, etc. 

Ibroi^eeding in a northerl^'^ direction, wg peroeived, lying down in 
a vaUey, a herd of red deer at rest, in which T was able to ciount IslO 
to 160 head. 

A little further we came upon flocks of ostriches, emus, and rliesii, 
and raaclicd the region where c'crtain species are confined in grassy 
paddocks of coimideruble extent and almo^ all provided with shel¬ 
ters. T fotmd there ^me ilO Cape elands {TmfrotmgMs in an 
inclosure of 44 acres: then some specimeius of Cervut and 

Cenr^i^ cidU: bandevl gnus, camels, inoufllgns. and argali sheep- In 
u owner of one of the inclcKSures a greiit bustard was sitting on her 
nest. 
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Directing tlieti otit* course townrJ the pflirt. we foiini] in couipiete 
Jilwrty Iierrls of whittf dwr, white^tdled gnus, wfipiti then a 

herd of bison, of tiu.'^tjin (lunichs, n doi^en Iiunguls {Vernut citf^hni- 
tiftriHi), Biid some 40 wild diteks: tisat breed. Iiere regularly every year. 

After 3 or 4 miles there were on our left otlicr incloaurcs In which 
were tupirs, gimffes, some 15 Prjevalsky horsity, S Qrevy und liur- 
diell M^btas, onagers,hemiones. and kiangs in an inelosure of U acres; 
then we came to n i^andy plain covered with ferns in which bunds of 
kang!trooa of several species were jumping about, fleeing at our ap- 
proneh. 

The Prjevalsky horses aime from a herd of 26 young ones, imported 
for the first tiuic alive into Europe by C- Itagcnbect. At the in- 
sl^mce of the Duke of KeJfonJ, Hagenbeck sent, in laOO, an ejtpedi- 
tion to the mouniuins of Ektiilo, near Kobilo, in western Mongolia, 
Soiite 50 colts bill a few days old were easily captured by tlic lasso; 
thev were nui'sed by ^fongolian mares, then sent to Europe, wJjcto 
only 2(p arrived iilivc. 

He then traveifijed an undergrowth wlicre wc found still more 
iierd-s of C'crcMfie, for the most |>Hrt feri'u# poreinuji. A little far¬ 
ther in a grn-ssy plain T peieeived a baml of wapitis {Cvrvti» xan- 
imijorted from Manchuria by tbc Duke of Bedford, and 
which have hriHl in the park. 

Then, retttrtiiug to the chateau, we passed not far from a largo 
pond ill which 1 admired many specira of cranes, among which were 
^me magniliecnt blue cranes, tlaniingore, ibis, harnacle goe.se. with 
innumerable Hocks of other geese, duclm, nnd swans. (See pi. ii. 
from a plmtograph furnished by the Diiche^ of Bcdfoid.) ‘ 

Tlie last printed list of the animals of the park at Woburu Abliey, 
made in uiid including manimak only, compriar] a total of 
Cet i jt/ig, 8f» antelopes. 23 wild goals, 41 wild ahrep, 47 BocMtr, and 
25 E'qnida, all exotic specie?. These figures are probably less than 
the actual number, for it is nliiinst impossible io enumerate with pre¬ 
cision herds of such animals as C<!rt'tt8 p^ivinm, that live in the 
wooded portion.^ of the park. Besides, at tho time of my visit to 
Boburn that niittiber had been cmisiderabty exceeded by reason of 
tii 0 Diini^roxis births thut occur thfre everv^ ycari 

iVs to the birels, the number of individual*? living freely in the park 
must l« qmte as great as that of the mammals, judgiiig frem the 
asptKrt which a view of the ponds presented. An approximate list of 
the birds nmd« at tlio end of Sfovember, IMfi, which was idndlv sent 
me by the Dudi^ of Bedford, gives a total of fll swans (comprising 
( s^iteor dmtmct varieties), 334 geese (IS species or varieties), 50 
sheldrakes, (6 species or varieties), 81 rheas (3 species or luirietiee), 3 
ostriches, 3 emus, 3 pelicans, 66 cranes (10 species or varieties), 8 
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ILiming(XiSf, 10 bustards, 7 ibl^^ and guiinMi fo\rIs. Tliere should 
be addtHl to this list a htgti nuiubor of pJi&a^nts* parlridge^^T exotic 
pign^uiis, and e^pediiHj' docks of ducks (21 Bpecies or varieties) that it 
ivas iiitpossible to count. 

Tlie above dearription inav perliaps «ive some idea of the exlenaive 
experiment in acclimiition mmmeiiceil by the Duke of Bedford fif¬ 
teen rears ago, and which could not li!iv& been carried on iti any 
zoological gnnlen. This experiitieni is still gtnngon. and it ts to be 
hoped that it may be continued for it long titno. It haw, howet^ert 
t>wn in operation long enough to enable us to draw certain eon- 
I'lij^iioniL CoiiJddering the results obtained with the nnitnals intro¬ 
duced at \^'obum, wc timy group them under four heads, as follows: 
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The foregoing tables show in a general way that the Cervid<^ im- 
ported from America have given the least satisfactory results* 

All the species that are noted as being kept in mdosures w^ith 
shelters are fed during the entiro year with graas, wheats and other 
cereals; during the winter tliena is added tn their nitioti of hay, 
clover, acorns, hass^^Vtiut^ and branchca for the bark on them. 

The greatest mortality Li due to cold and dampness, affecting espe¬ 
cially the young, or to the development of parasites in tlio lungs or 
stomach. It should, however, be noted that the axis deer, the sambars, 
the swamp deer of India, Duvauoel% deer and the pig doer iip|>ear to 
be able to resist parasitic maladies; they are tlic species that have 
thriven best at Woburn Abbey, 

In brief, the rai^ oxfWTinient in aedimation whidi tlie Duke of 
Ihrdfnrd lias carried on at Wobum Abbey since IS^ has extended to 
l, 6 d 0 exotic maninials ?ind their descendants lx?Ionging to 100 differ- 
ent species; and hesidea this he has had rr presen la tives of 30 species 
and varieties of foreign birds of which it is impossible to give tha 
e^act number of indivi duals. 

If we add, further, that the Ibike of Bedford preserres and euo- 
ceeds in propagating species about to becomo extinct in tholr native 
countries, sud^ as the elands, that have since 1 S &5 brought forth M 
youngj the American bison, that have produced 20 , and Father 
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dcwr {^It^phuru^ d^iMd'taiiiiit)^ thttt pfoduc*ci SS^ and finallyi 
if wi> jiotf.- tlmi tlies^^ nijincmiis birtJis enable ilit^ Duke, to puridi f^adi 
yeur the i^ullccftioriii of llitj zoological giirdetis of England^ iind cvv^ii 
that of uui* iTardiJi dea Plantes, we may say witli perfect trtJtli Ibat. 
not only docs aecliiniition but zoologj^ proper owe nitidi to the preni- 
dent of the Zoological Societ}^ of London and to the Duche:^ of Bed- 
fordi, who also intere.sU herself with intelligence and activity in the 
work going on at WolinriL 

Tritkff Par/c ^—The origin of the zoological collections at Tring 
Park goes l>iick some tliirty years at tlie time of the youth of Sir 
Tdonrl Walter RothschikL eldest son of the gresit English Iwinker* 
’VMicfi quite a child Lionel Walter loved lo colleci biitterllies and birds 
that lie found in iibiindunce upon the large estate that his fatiu^r pns- 
ses^d lit Trifigj and which he also procured by punchHis col¬ 
lect i oils gtadunlly increased to mich proportions lliat he the 

idea of establLhiiig at Tring a great scientific establishment now 
known as the Mu-scuni; at the same time be made some exjiedmeiita 
in aecii milt ion in Ehe park of the chateau and at Dundale^ one of its 
dependencies. 

Dundule hi u fvmall estate situated a few minuter walk from the 
Mustmin; thiiro Ls there a Buiull park with a large pond where a cer¬ 
tain nutiiber of webfootcfl bints breed every year. ’Msmy hybrids 
have beeij thus obtained^ as well m mdanistic and nlbino individuals* 
He has never had therct however^ a regular station for experimental 
zoology', as 1 hail siipposcih and when I was tlicrc it was with difli- 
culty that I could discover a few ducks swimming alanit in the cleur 
wa ter an long Aquotic planta. 

The animals that feed Upon the extensive undulating plain in front 
of the park of the chutcaii of Tring arc likewise not placet! there for 
the piirpo!^ of tftiidy. Thri^i: is there a Hock of 11 emus (r^romfiem 
and iinothcr of lo rheiis (Rkca and daririmi)^ that, im- 

pellet! by curiosity, came forward to meet me when I enteretl the 
park. Earthcr on (pL iv) I met. at the edge of a pond, some sdL 
tory emus and, on the rights in a slight hollow, n herd of kangaroos?, 
that, sitting up in order to examine me betterj allowed me to approach 
near enough to photograph them; I recognized tlie gmit kangaroo 
(Maeropyof which thrives extn^mely wdl on the grassy 

plains of the park, and Bennett's kangaroo {M, Jlalmatnrim Pen- 
which especially afre{!ts the wooticd portions. Continuing my 
walk, 1 perceived at a distance a herd, comprising about 150 head* of 
Japanese doer {Gerk^us and fnllovv deer. FinnlSy, going toward 
the forest that bounds the park on one side, I reached an inclosure 
where was an, ostrich with ibi young and a large phcusoutiy where 
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tbwe ari^ raised every y(.?ur niimerotis phcasnnts and partridges for 
himtiDg purposes. 

I'he kangaroos, as well as the deer, pheaf^nts^ and panriiiges^ are 
in perfect liberty and seek and Btid their own fotxK They are never 
housed cl wring winter, and it is cudy when iJie ground covered 
with snow that any pains is taken to supply them with fcmd; the 
eini 4 s atid rheas alone have food given tUem during the entire yemr,. 
All breed in a normal tniititier, and at the time of tny visits July 2u% 
litOltj the female kangaroos had young in their [Kiuches^ a rlica was 
brctoding iieveii little ones tK>m live days previmisJy and I -^oceeded 
in photographing a male emu who was followed by a siiigle chick 
£avo weeks old. T will add that at Tring^ as Ldsewdiere in Kiiropc 1 
lielievc, the young brcxMls of rheas and einiis stiifer a hesiv-y mor¬ 
tality; the adults, on llie contrary* stand our eliniato perfectly welL 
but sometimes ghow phenomena cif total iilbinism^ of wdiicrh 1 biive 
fiseeii Lhrw cases* As to the deer and kangaroo^ they rear their off- 
spring perfectly welb and at Tring tlie nmltiplicatinn of deer la so 
rapid that a certain miimber have to be killed each year. 

Last year, at Tring, one could admire n pnir of Pr|eviil_sky horsesf 
niifortiinatciy the male has since died. Tlie feniiile. hm] to one of 
the stallions of tlie Duke of Tkiifiird^s stockj has given birth to a 
colt w^hicli is now as large as liis mother. 

TtlE 3?XX>tOGICM* OAmJCN AT 

The Zfwiogical Garden of Dublin Ijelongs to I'he Eoyal Zotilogical 
Socieiy of Ireland, founded in 1S30. Thia society, wdiicli tins for its 
d>ject '"to form u collection of living aiiiinals on the plan of the 
Zofilogical Society oi London/" comprLws tenday {190B) 837 active 
memben^ -41 coirespoTiding tncmlier^^ tini) iri honorary members. It 
is administereii by an elected i:ouncil composed €>f inemborSj there 
l)eiiig one prt^iiieiit (tlie Rt. Hon. Jonathan Hogg)* five vioe-presi- 
denl^ one secretaiw' (Dr. It h\ Scharfr)* and one UTahTircr (Prof, 
A+ h* Dixon)* The conned take u friendly breakfast togi^ther everv 
Saturday momlng, and 1 bod the honor of assisting at one of the.^^? 
gatherings. It publisher annually for the general scission of the 
society a very Jiiteresting rep*krt. 

In igOu the total receipiis of the i^lcty amounted to £4^2 Ts, Td. 
ArniHjg the details of the^e n^jeipls are the following- 

Ailialwthmn ta luinlen ______ _ 2;^4no ^ 8 

AnlnmlH mOa _______ ^_ ^^^1 o 

Frtiia restnanint-.^ _____ 0 0 

ElppliADt imJ po-ur tlckem ___ _ __ . ^_ _ tlft 10 0 

_ _ __ ___ _ , ^ _ 1^^ Q 

Govenouisat gmat—- - 0 o 
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PA^K AT Trins Castle. Emus at the uft. Kangaroos at th£ Rhjht* 
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The glinka is udiiiuiisterefU under the general dinsction of the 
set-retarj,, by a HUperinteudcritT e fomier member of the cionstabulary^ 
IVho Ijvcjs in the garden and has under hia orders ten kctipci^ of 
animals^ one night svatehtnan, one gnnleoerT one porter, aiul several 
young laiys. 

The expenditures of the garden in Ji>OS ’were ns follows: 


Purvliiim^ nt aotiudM^- 
1^4tVlslODB fur JiDluiulil-, 
I’riiitlii^ fioit at lit kntL^rj 
AUvurtlsIuj^ - ^ 

iniMiMnff anil reinitrp.. 
Wat*T nite-.. =..... .. 

Siiliiries ______ 

HcailTie^ Ul^htEiii^p 


£ ■> A 

ItH 0 3 

S04 in 0 

SI 0 ID 

liM 2 0 

IXHT 14 D 

n ID 
1 . 01)0 14 0 

-t2fi 7 S 


TolJil-------3,:tl^7 0 4 

Hie garden is open even^ iiny from it a. tn^ nniil suri^t^ If forms 
ft pnrt of the tiiognifieent l^hirnix Park, situated to the weat of the 
eity. It is elongated in shape, lieing some feet in length by 

alanit 700 in width at the \vifi(K=t part, but the westeni half of the 
garden is otHriipieiJ by a fine* large pond, liordered by l>road, ^tassy 
slopes, covereil with ttees and slinibs* The remainder of the garden 
made up of lawns, ivitli some trees^ hut few flowers^ there is a lioiise 
for the superintendent* ii retail rant, and a certain number nf hiiild- 
ings* paddocks, avLarie^j^, etc*, in which live Til aaiinal^ as follow^: 



Ncniib«r. 
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Of this numtier, in ltiO.% 21T were presented and 120 purchafiiMh 
The prin>atcs are plamJ for t!ie most part in a welUventilaterl 
building wlmse grnenil arrangement niciills. on a smaller scale, the 
monkey house of the garden at London. In a comer of thb hoii^ 
I lie society has cotiMriicted, for the anthropoids, four lurge cages 
communicating with euch other, two of which open towaixl the gar¬ 
den, fit>in which they re<feire light and uir abundantly - the twu> othei^i 
face toward the interior of tlic house, from which they arc njaily 
sepanited by ii largi- glaateil hay. Thi^ cage^ are raikd 1 meter 
aim re the floor of the building, the space undemeath forming a sort 
of t'ellar in ivlnch are contained the conduits for hot air; the cage 
floor k of wood impregnated with wax dissolved in petroleum; the 
partition walls are hollow so as to favor the cLrcuktiou of the hot 
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air; tbo roof bass wide tijodows^ nnd tbe tipper port of tbe partition 
!%pHrating the outside frean ilie iiiaide cikgt^ h it.self of 

TliL' Ciiriiivont;, iilxjul 00 hi iiund»erg, arc scattered about in at lej^t 
ten differunt buildings, 'Ilio most important of these is the lion 
hoin^s constniete<] in U^Ol* and culled tbe Hol:)orts Ilrius?^^ after l^ird 
l^oberUf a formerr prejiident of the society* This buildings which 
cost but little more Lboii lf>0,000 franfi^* iv and v), was built 

unci nrnitiged aceoixling to data taken from tbe best examples in 
Europe and AinorioB* It consistvS nf u inn in building inclcadng a 
lutge IulII G to 7 uieterH wide* ctivcml witb glassj witb cmgeis u|h>ii 
both siiles. Each enge is nietera: wide^ inetet^ tleop« and 
from i meters tu ^.70 meters higb^ tbo upper jiart af the back wall 
is cif iTcl lirick^ the k^wer of white glassed brick; tbe lower part uf ttie 
sides is of wood painted bbek^ the iip|>er part of slieet iron painted 
yellow; tlie ceiling iind the front are of grill work: the flwrj 1 iiictec 
idwjve tbe ground, is of wood and slofjcs timaril a large guttor that 
runs along in front of the wgijs- There are three or four large ex¬ 
terior cages and a Interul annex that conducts to the old lion housitii^ 
now Mscal us a nursery. It is'in this latter liousi'!' that have been uojt- 
ducted the important rearing of lions Uial have rendered llie Dublin 
Garden so celebrated. 

Tliia rearing of lions commenced as far back its when the 

garden iKuigbt two aiiiniah fiTun Xatal tluil Imuine the aiicestors 
of a whole Eseries of generations of Irifh lions. In 1858, tltreo years 
after tludr arrival in Dublin^ this pair had a first litter of a single 
ctib^ the same year a second Utter of i enbot and the next year □ third 
litter of 5. Fi*om tills last litter came Did Girl, a lioness celebiiUcd 
at Ibiblirif wjio lived for sixteen years iii the garden and died tlicr^i 
after liciving given birth to &5 cldl^^ in 13 litters. 

Up to ISS5 there bad liccn Ix^rn in the garden 131 cubs from i lions 
niitl lioiiesscB; 21 of these cubs died, either at birth or while under 
maternal care; 13 dicil ufterwsiids; 8D wen? mhh bringing £t,247 I Os* 
(an avemgo of £30 per capita); A weri“ kept for breeding piirpo?=;i^ 
and the remaining 3 T have not betm able to follow, Towanl the eiul 
of ih\B ptwiod another lioness^ Qiieen^ was bom^ who has given birth 
to 23 cubs. 

From 1874 to 1373 there wm an interruption in the births due to 
the fact that the male kept for reprahiction had not yet rcnehetl 
puberty. Soon the inrtbs resuiued their zioriTial frequency up to 
I3b;^ or 1&\H. Fnjm this time for lj%'c or sLfe years they fell off, and 
this could only be attributed to the weakni^ of the breeding aniitials- 
It bad been the custom of the administrntion to keep for breeding 
only Irish males, always mating them w'ith foreigti females so as 
to avniil the fusible dlsadvantages of consanguinity. It was tlioughi 
b^i in this instance to cumpletdy vnm^w the blood by purchasing 


SwHiihhl^n SlflfHMl, 1M?,— RL^T£ Vh 



Ext£RlOlT OF THE LlON HoUStp 






















SOOLOOTCAL —LOIS^. 


431 


a famgn male, so the council procured a ningnificent Kubiau lion 
which gave a new activily to the production and originattHl a new- 
stock. Up to the present time there Lave been Iwrn at L)i<; garden 
24G cubs, 127 of which were males, 112 females, and 7 in which the 
was not noted. 

The breeding of other great Fttlvhr has not Ijcen as successful bore. 
The [htbliii Garden has not had during the last twenty years more 
than G or 7 liEent one of which died from a nontuljercalous skin alFec- 
tion. Nothing has resnltetl from the mating of these aiiinmls. The 
same Ire said ns to the leopards, iimiij of which have died here of 
cramps. 

On the contrniy, some Cape hunting flogs [Lyrmn /dc/rw). which 
died two yeai^ ago (ITOl), gnve birth to young in the garden for 
four siiwessivo years (ISlltJ, 1897, ISOS, 18!)S>). Thu! is all the more 
iuteresting becaitsi! tliese unimals rereiy breed iji captivity. As tho 
niotlivr had difliciilty in nursing her offspring, n trial was made in 
1897 of suL'kliiig them with a domestic dog. Uinicr this regimen a 
young Lycuoii reached the ^g^^ of 8 or li month?. The next year a 
yoimg female was horn and w'as kept in tho garden in g»>il health 
for five 


When I vmitetl the garden at Dublin there Imil just l»een built near 
the lion house a new structure for small carnivore, wliich were preW- 
oiisly kepi in the monkey house. It was a semicircular huihiing, in¬ 
closing eighteen small cagets which by the removal of partitions could 
be transfomieil into nine large nues, Tlieso cages ojien cxtemullv 
upon a covered gallery for visitors, internally n|>on a pnraUel service 
pu.ssnge. Each one is covered with gluss and iKiored witli wood 
treated with wax, tbe same a-fi in the cages for antlimpoids, and each 
has a sinall retiring compartment placed against one of tho parti- 
tioms O..SO to 0,40 meter atmve the floor. The entrenw to this can be 
c]<^ by the keepers and is provided w'ttli a slielf ui»n which the 
aninmlH may jump. 

^ rhe house for lla'hirtM'n^ situated ti little farther a wav on the same 
side, was eonstructed in 1899. Its plan is the result of the oliscrva- 
tions and e-fcperiencc of « number of years atid may Ik giien as a 
nitHlel for similar codstnictions at the pre.wiit lime, It t^omprises a 
serira of Htables w'ith ti cement floor conuu uni eating with e.^terior 
paddocks which, like the stable^} thenisdves, are raised 0.30 meter 
jiLKive the suiTounditi^ limund, 

Ihe house for ItaniHs and camels, contitructed in 1897 and to which 
has trmce been odded a gkzetl portion for giraffes, has seven or eight 
^iblcs arrenged m form of a cross, each Imviiig un e.^lerior paddock. 
Two of tli^ are specially arranged for females in gBitntion or 

for Hick anmnils. The llamas and camels have bred there aeveral 
tunes. * * * 
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I nuLed^ jiiiititig: the tiioHt curioHB animiibf u ctiloiiy ot Ciiimdiaii 
imrcupmvs (&'n^thismi rfomUm)* whiir:h cjusily c?!imb aliout the^ 
tiw Dssigijorl to them, pa^is^ing the whok day therej wl evening these 
iminmk rem^it to With hotises pkced Jirotind the trunk at some 
distant fmm the ground. 

I nfill’ll ilnit n t^rtam number of birds el^whejw kept in inclosures 
or fiviaries left here hi perfect Ihieriy. It is not one of the kast 
of tSie k'nwtie-s of ( he giirtleM to sqti egrets, dsmiingoes^ greU^, 

lieriULs, su aJiH, durks, water hens, gulk, bariiade geese, ete, SAvimmlng 
Etlxiut on die largo ]>i>iid and re^‘^ing along itB lirink, nr inileod to meet 
ou the luiins or walks emufi, rheas^ fieaeocks, cranes, gec-se, etc-, who 
(Ximc up to the visitor ivithoiit fear and Ijcg* sometiiiics with too mndi 
insistence* for morsels of breads 

THE ZOeirOC^lCAL f^AlOlE^' AT AN^TWKHI'. 

The -\iiiwerp tJarden is the only one of four Belgian zoologiiail 
gardens founded during the last ceotury that lias survived. The 
one at Brussels was tratiicforiiied in 1870 to Ixit’onic the Leop<>Id l^arkt 
that at (ihent waH dosed* and that at Liege disappeared iit the time of 
the Internal ional Expo«itjoii of 1005. 

It ivas foimdi^d in lS4?t. ami belongs to the Hoy a I Society of 
Zoology of Ai]twer[> {Limited), which has at tlie present time (April. 
11 >(Kj) T,^00 memliers* The alfaii^ of the society are adminisleml 
by a council of five memliers nominateil and removable by the general 
nssenihly, fiHjm who^e nuinlicr they are chosen | there is a pr^^sidellt 
(M. Alliert Thys)* a vice-president, a treasurer, and a ii^ccretaiy. 
This coiincit nietas at least once every two months. In iisinjunction 
with llic director it has especial charge of eveiy^tldng relating to the 
sale, purchase, and exchange of objects belonging to the radli^ction^ 
of the j^ieiety. Its opi^rationa arc also iiiidited by a committee of live 
nominated and n^niuvablc by the general assembly. 

The rcceiptH of the society for the years 190r>^» were as follows: 

Fr 1 . 013 . 

Mi^aiarrabliT feen - .^>*7^ 

BaleA nf tSekeiB u> mmaaeH' --- -i3U 

Salcfl of lallk nnsl baiter - -■' , --- D3^01& 

rifaithaat ainl pwaiy tlckclB. . . --- 2*^117 

Rjiltnsi flf aiiLiiure __ _ __----- I.IpTiO 

iinit ri'^utiraafj*. ^ . ____ 70,7^ 

Siik‘ i>f oaUiiLila-.. . ___,________^ _2&J. 144 

^!ificeUaao<>iiFi Hoarvi^s _ _ _ ___ 3i>,-a*^i 

_ . !J0a*tr2:i 

The garden is giipcrhitfindtal b\' a director (at pi^esent Dr. Michd 
I^lioi^l}, iiominntofl and rviuovahk by the gvnenil assembly by sp?crvt 
killot, upon recommcJidatious Hiibrnitted by the counciL This di¬ 
rector, who has a salary of 12,000 franes and is allowed a hoia^T has 
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tbe general ^ipermtendency flf Uti! gunleii nnd all the preniLsc^^ 
He itp charged with the ]3ric?9erviitlcjTi and tiiaintenancy of all the eol- 
Ic'ctions of the socielT tiiii;1 must sec to thci enforcement of 

the regulatioici of tise garden and to the exqicutioii of all iiiea,-fiir(^ 
determined on by the council. He has imder hia orders all the 
employees of tlie estnlilishTneni and rettoinuiends them to the couneil 
for ap[>oliitmeot or dLsmissah 

The staff of the gartlen conipriseii about 100 employees^ iDchiding 
the clerks in the offices^ the /^^tnlenersT the keejwrs, anti tlie different 
classcH of workmen. The emplo^vecf? and their faniilics have u right 
lo the gratuitous senircs of a piiyrichiti* who receives froni die 
soriety an annuiil coinpensiitioii of 3,000 francs^ After thirty yeiirn 
of consecutive service they are nllon^d a retiring jjeiision fKitnvalent 
to half ibv salary received hy theiii during the last year of their 
servhtt^ provideth however, that this |>e'ns]on shall never escreed IJSOO 
francs. In ease of cleeease the ixmsion inay^ in e.^eoptioruil erases, be 
continued to the widow and oiphans* 

The society pays 1^00 finntrs jier year to a vetetitiariaii eharginl 
with making a daily visit to tlie gardeOp 

Tire total paid for stilftrles in 1005-C was 158^7 francs. Some of 


the other expenses were as follows: 

Kinnei. 

Crtre and 1 innraveiiiuiit of r^^iritses- _________ +«, 

C^re qf pnrdeti —--—, -,-- 

pq«i nfanhimtA ____ — ii^cxan 

Purclaific of cdncit* filirubn. __ _________ 03$ 

IleiitlDa. 1lj;iitiiiaT nnd wat^^r — — ^ - 

OU^ee expenses^_ _ =-^ --- <1,11^7 

Purcliaav of aatamls ____ ^^^- - -- ai.'i, :^ 7 l 

The garderit situatod In the middle of the city, covers an nlnifisl 


level surfflcri^ about 10 heclares in extent. It has spacious lawns orna- 
nientiHl wdth beds of flowers, w^ith shrubs and great trees, two large 
poud^ for acc|iiatic birds^ ntid several small lia;^lii.K. Here and there 
Htatuary is placed—a nionunient lo Darwin^ the Prof net heu.s grunpj 
a group of Indians returning from the chase^ a horseman attacked 
by jaguars, etc. 

Most of the large hiiihlings are placed along the boundary line of 
the garden, and recall, b\' tlieir diffeT-ent styles* the countries from 
which wci^^ deriveil the imiinals they shelter^ 

A large playground with gymnastic apparatus that, without 
charge, is at the dispcitsa! of children, fine caf^ and restaurants, a 
winter garden* and a magnificent building called the Palais des 
Fetes {which occupies uIhiiiI -L500 sf|uare meterri and about 
1J300,000 francs} contribute to make the Antwerp garden a pleasant 
place whoiie elements^ although u little incongruous, yet togetlier 
form a strung attraction, much appreciated by Antw’^erp society. 
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At tlit^ tim^ of my visit in October I hero were n^yout 3.r>00 iinininlB 
in the garden. The iitiinber is constantly vairym^ bj reason of the 
active traffic in arutiiali^ that goes on there. In the month of An- 
gust, for exajitpk*. ihc aviaries and reserve cRges of the garden often 
contn ill riO^OOO to 00,000 small, esotic perching birds whicU on* after¬ 
words bought by dealers opd omatnisrs. 

The greater number of tlie aiiituiiJ:^ are obiaitied frupi purchases 
mode from captains of vesads or from sailors w]to corue from tlie 
Indie^j, Africa^ -^\jiierica, etc.; ut Antwerp they jire {mreiiitseil directly 
b}' M. LTio^t^ dt Man^eiUes purcha^ are imiJe by .Mr. Angiistc 
Citarljonnier, at Bordcan.v by Mn Marius CasartcUi, 

The iiioiikeys, some 300 in [iiind>er (a gwxl ninny lieing in 
cages^ to which the public is not admitted), are iiistiilled In a large 
houses, ItgliUul f™ii above and having on its isoiithern bide a large 
e-vtrrior cagi! of line iijiix^arance. Ill is house hos a large central 
hall H’illi Dve separate octagonal cugos and ft ivrtnin number of 
cage.s. along the sides separated from the public by ghtwiH 

X noted two young orang-outangs and two you tig cliJnipan»iX^ 
dressetl in red or blue vests, but apparently not in as good health 
us those lit lifanchester or Bristol.^ 

There was also in the monkey house some SO young t'yaocfT/?Aflfe, 
the-ouly memkeys that go out into the exterior cage, and then only 
duriog summer; a few years ago some of the lemurs died of ooldt 
oppiirently because thw were left out too Jong in autumn. 

Tlie -^pftlftce^^ for large carnivora is an imposing stnictiire of 
rather heavy appearance but very ricldy fitted up. At either end 
large entrances, with pocsts in the form of lion caryaUdeb. give access 
to a large-gallery having a double row of columns supporting a fine 
ceiling; in llie middle of the western wall is a mnrbEo catch basin 
surmuiKled with green plants nml the l>usts of former directors. 
Along the eastern wall nn' cage^s for the lighted from alxiv^o 

and iirrungctl like those in the lion house at Dublin! they comnmni- 
cftto, but not freelyt w ith ostei iqr cages, tliree of which are large and 
in ilic form of ndtinds-^ (Thp5M? cagisE lire washed out wilh plenty 
of water every day.) Tlie Hon.i and tigci^ kept here frequently 
breed. Imt not as regularly ns nt Dublin and Bristol; a pair of 
jaguui>it howeverj has for the lai?t six or seven years tm>nglit fottJi 
ft young one each year. 

The food of these animals is usually horse mcalt but once ii week 
they are given mutton or beef, which, li is said, fattens them better 
than on Hxdusive diet of horse mmt The large Felid^ fast every 
Sat unlay* 

^Tlie omiqa^ hw slecii on the floor uiion u bed of hay; tho chlojiiaiiBeje* 
ij|X)a ft sluUr ralt^ above thL- flurfai.v of the floor. 
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For the bcoKi th& gankri hus happily abandoned the old plan of 
keeping them in damp and biitlly lighted piU. such as seen 

idniost eveiy^here. They are given finei larga, open-air 
coTe)red or surmnnded l>y verdure. 

llje giraffes and dromeflaricss are placed, together with the zebrajs, 
wild asses, tapirs, ajid elephants, in an Egrptian temple whose ma- 
jestic front and Bne architectural lines of grt-at purity of style make 
it one of die finest edifices in tiie ganlen. Tlic exterior walk jitkI 
jserktyle of this htiilding are covert with Egyptian paiittings rep¬ 
resent ing the inhabitants of tropical reginni! ffiniing to offer to the 
city of Antwerp examples of the rao^=it dinracteristic animals of their 
countries. 

The interior shows a large hall lighted from Eibovo and with lateral 
oiges. The two giniffes only are shut off by glass partitions in order 
to give to their rooiiis the desired teniperntnn?. They Imve sometimes^ 
but rarely, bred here, nnd the young are often nffeeted w'ilb rickets^ 
nionifcosted by a chronic infiammation of the joints. 

The bouse for bippopotanii b a large isrdaled building nmply 
lighted on the sides nnd alxive- It contains three large, interior tiinksj 
2.5 Tnetors deep, wdueli communicate fn^dy Iwliind with a s^tall having 
ti cement floor. Endi stall opens intlependently into an exterior pad¬ 
dock into which the animals are allowed to go during summer nnd in 
fine chiys during s]>ring and autumn- In winter the water for the 
tiuiks is w'armed to 15®. It is stagnant wnter. which docs not appear 
to be renewed us often ns it shoiihh for when I was tin*re it gave olF 
an offensive odor. However^ tiie animab .seem to do ivelL A pair of 
bippopotaini, brought to the garden in ISSI, have bred wdth ctinyid- 
erabk regularity nearly cvciy^ year since, bringing forth lA young in 
seventeen yea re, 7 males and B females. Two of these died shnrily 
after birth; tUc oiiicrs have thriven very welh The male of this first 
pair died in ItKH; the female is still living, but, as alio seema to 
no longer able to bear, the garden bought, in l£l05, two young femtde^ 
to replace her. ♦ * * 

The buildings for the ruminants have genemlly exterior yards with 
n floor fomietl of a hiyer of sand resting on n heel of cinders, which 
appeared, however, to be very damp after days of rain- The exterior 
yards for the antelope* houses placed in the middle of the b nil ding, 
are covered with glass. 

The reindeer live on the average *ix years in the Antwerp Garden 
and gi^-e birth each year to two or three little ones. Their food is os 
follows: 

Morning; One kilo of oats, crushed maize, barley and ryo mixed, 
besides two handfuls of lichens. 

Evening: One-half kilo diy white bread, besides two handfuls of 

Ecbena. 
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A grent uJiteater ami two ediidnaji Uve in the monkey house, the 
former having been tlierc five years, the latter three years, Ftiej are 
invon finely ehoppetl meat and eggs beaten up in milk. 1 he aiitealcr 
ip in a lar^ glawd rage. I meter above the Awr paved with poreelain 
lUia; he has only a board to sleep on. The echidnas are in a pnnu 
octagonal cage having a stino floor coveted with fine sand} curled up 
in a corner, they seejn to avoid the light. * ■ , ■ u 

Tlie birds form the greater |iart of the number of animRis m the 
garden, hut there ia not the fine ornithological display that T admired 
at Ijoiidon. Neither did i notice any indication of any w>ild sjiecioH 
nesting in the gaivlen. The greater [xirt of the birds are, howerer. 
kept there merely for sale. 


the SiOOUKllCAJ. <!UVfiDEN AT RnTTKIIII.\M. 


The Zoological Garden at Rotterdam (Dier^ardel Vielongs to the 
Vereeniging Rottcrflnmsche Giergnarde, a limited society, whoso ob¬ 
ject is thus defined by Article 1 of its statutes: 

The Bocletr, foatiiled In ifWT* iimler the name of HAltoranmaelie Plergaardi', 
has ffir ha ubject tiie ailTnactunenl, h)’ osTw^ilile aiesiaa, of oiir knuwlLtlBB cf 

tcdolDey ami b^aanj:, ... mi... 

In orOer to accomtillsli this, callfwtlcmjs. llvlaff anlnwils and iiliinta win i 
tncrtafxd nnd malnialm'd na far ae ibr finstnees of th« socletj' will pcriiilt. 

A tiiuBciiin flint a llhnuT will be niUlod to the luetltutton. 

Ttiy nuiislK^r Sk act JliiiIli?cL 

This numlwr amounted on Dccemlwr 31, IPOG, to .i,45H. Ibc 
aooicty is iidministered by a council of 23 members, of whom the 
president is now Mr, C. H. Van Dam. This council is itself wm* 
powd of five committees: viss, of buildings, of animaLs, of plant.'? 
(liotboiLses and gardens), of eatertainments, of the library and 


eenm. 

'rho total receipts of the Kociety 
which there were— 

Out* r^llrta — „ . -----— 

tif aaimnTet,, --— 

fEiffllnurnnl rwolpt* -- 

Sulow nf ana tKrislfit winla- 


in 1W)3 were 131380.01 florins, of 


rioriori. 

_ 2^pCM4.HS 

. 7, rm no 

_ 

212.00 


Till' .society has established, as was proposed, a library and a mu¬ 
seum. The library, superbly installed on the first floor of the nd- 
ministrntioTi building to the' left of the principal entrance, contains 
numerous bound volumes and scientific iieriodicaK Tlie museum, 
which occupies the entire AM floor of the restaurant building, has 
two halls; one devoted to an ethnological collection derived from ^e 
Dutch colonics and from western .Africa: the other devolwl to biros 


«TlU' BBrteti almdjr ellated ta 1S50 a private (neaaKCrle. 
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and to incllgienous Tiisnniiiilii ns well as to a collection of mollusks 
and polyps derived for the most part from tlie Dutcli^ oolord^ 

The ^rdeii. inclncUng the library and muKajm, is administered 
by I>r. J. Biittikofcr, ii iiatimilist lo whom wo owo tho greater part 
of our knowledge of tlio fauna of Titjcria. Tliis director, appointed 
by the council, has (luarters in the garden and wetdves a siiliiry of 
4,400 florins, lie really directs the garden and disfsjses of the fnim 
voted unnunlly by the council for the general espenses of the e-stah- 
lislitiient. Besides, he can appoint or remove the employees of the 
garden, escept the chiefs, whose appointment or reniOTal he cnti only 
ri't'ommend to the council. 

The js,wicty has estBldiehed a special fund for the mcdionl taro 
Lind pensions of its cmploycesi. 

The garden is sittiatcd northwest of Rotterdam upon ft marshy 
subfloil which in many places has givni trouble ns to fonndiitiinis. 
Its area is about ISJ hectares. The genend design of its shrubbery 
and flower Iwds is very pleasing. In certain Iwalitus distant fK'r- 
spectives are introduced which make one forget the city, essentially 
commercial in its character, that stirrounds one on all aides; there 
arc picturc«|ite bridges spanning water course-s, and ponds fed Iw 
the Diergaardc Singel, one of the nnmcnvvis cimak of Rotterdam; 
handsome walks cxuidiiet the visitor to lawns plnidcd with great 
trees, in which are nesting at lilwrty herons, ravens, ami storks; w-ell- 
kept bwls of flowers ami rocks covered willi alpine plants break Itere 
and there the monotony of the laivdscape, iiml, in the large hothouses 
one nmy specially ml mire the Vi>ior!a irffia, whose leaves cover the 
surface of a large basin, and tlie tree ferns, ono of which is 9 iiietere 
higii. 

A large number of the animals in the piinlen are presented by 
colonial employeea of the Government and by planters. The society 
has til.<io an agent in Batavia, who buys directly from the nativesL 

On entering the gnivlcn by the main entrance the first building on 
the right is tite monkey hoii.se (pi. vi), Tliis edifiew, which is tlio 
fine.srt and last const met cd of any that T have fiei-n up to thl.s time, 
was completed hist year and cost 8B,000 gulden ($3C,000). It is 42 
meters long. U metero wide, and fl.fl meters high; lies east and west, 
has a hhmk wall on the north, wliile along its fionthem side, orna¬ 
mented with sculptured mfmkeys and pretty designs in enameled 
brick, is n scries of exterior cages. 

Tlie principal entranoe, sittinled at the western end, lends into a 
large hall (pi. vii) flanked on either side by tho cages of the mon¬ 
key.? ornamented by clumps of green plants and by the spray of tw'o 
fountains suiToiinded by flowers. This hall is diridctl into three 
parts by two arcades, marking the,entrance to the service corridors, 
which I will raentioti further on. 
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The roof is of glnss hriflcs, of the PuhTonnier system, with the e:?* 
ception of n ventiljitiog roof that rims flic whole length of the IiniK 
so that the cagaa ore mueh better lighted than the Iml!. Tlie advon- 
tage of these gloss bricks, which iilw cover the exterior cnees, is that 
they am au excellent protisitioii ugniiisi too sndJen cooling and 
ogainst cnirents of air. while they U the light pass freely. 'rhcT are 
hollow and t],L- interior cavity, localise of the high temperatnra at 
which they are tiiolded (8n0=) presents an almost absolute vaouiuu. 
lliiB system advantageously replaces that of double windows. \ 
sliallow groove around eacli brick makes it possible to lay it in a cer* 
tain amount of cement, st» that the system b united in n verv solid 
manner. The large windows at cither end of the hall and tlie mov¬ 
able frames of die ventilation roof arc fitted with ordinoiy window 
gillie. 


There are 3i mtenor and 11 exterior cages for the monteja: some 
of them are C meters m diameter; almost all the ofhere Iiave a miper- 
ficial nrtti of 4 mju are meters; they an- protected from tlie public bv 
an iron balinitnide ivliidi sujiports a grillage 2 meters in height The 
fl«>r of the cages, raised f>,-* m^ter iiU*ve'tlmt of the hall, h formed 
of a linn layer of concrete, jind supports a tree upon which the 
animals may climb, the trunk of which is cmefiilly set in a cast-ij-on 
tube. Ihe walls arc linctl with Ivory-white glazed bricks; all the 
corners are rounded. The side of the cage presented to the public 
is cloaal by a grillagt' whose meshes do not correspond with thow 
of the exterior grillage, so that it is veiy* difficult to throw bread or 
iinyt ling cIm to tin; nuimals; only the cages of the authronoids are 
providcil witli vertical bars. 

The back wall of citch cage has at its upper part a recess lighted 
by a window wtiidi looks out alxivc a service passage, and in this 
upper part there is, m the cages of the south side only, the passage 
bj which the mnrikcys reach t!ic exterior cagein At one end of this 
p.u«ag« IS a movable irajHloor that the monkeys c^n easily raiis^, 

flu. ii^s ir mg door that the keepers can shpt or open from 

the Mirvire pn^^igc by means of a chain. 

h<ive agjjijsed interior roof set obliquely from the front 

t ^ »“ tke oth..r 

^ ^ fi'ont. KmIi cgtf conimunientes with thi! 

ThTf ® '"'s'') by . vertici 

. ,hl "" i>“P«Hoa of tho 

for driukin- l^***®"®* then, are a certain number of cocks 

^Zryi^td-lo'tSorX.*' 

It 111 tile morning liccompii' 
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nied by Mr. Buttikofer^ ^ho with the graitost kindness furnished mo 
with all ihc informiition Lliot I wiithofl. Tlier© wens at tiuit tuuii 
ISO uidnkej-^ ill the interior cages and the morning cleaning up was 
not yet fitiishml; still there was no bad odor and the air seemed as 
agreeable as that of a oc^nservatoiy. 

The donhir problem that had to be* Bolved in constmetiug this 
house wasj firstie to obtain in all the cages an e<|iiable and constant 
temperatmts of at least *20'' oven during the greiilei:|. cold; second^ to 
cstiibliiih an arnplo ventilationi without drafts^ so as to reduce to a 
minimum the disagroeahlo odor whicli I havo found in various degrees 
hi Jitost of the monkey houses tliat I hiivo visited. 

In order to realisH^ these desiderata^ Sir. Buttikofer resolved to 
seek inspiration^ if not to copy exactly the of heating and 

ventilation used in the new tnnnkey house of the ?XK>l!ogical garden 
at Xew York. The furnaco room aud store of coal «re placed in a 
large cellar under the eastern extremity of the huiidiug, . The water^ 
brought nearly to the boiUng jioinU enters a system of tubes 300 
meters long, is carried throughout tJio entire building and returns 
cooicc! to the furnace?. Four large hot-water pipes are under the 
cages^ two other smaller ones run along the exterior walls in the 
up|ier purt of the cages* so that the air cooled by the exterior walls is 
enfliciently reheated and the monkeys have there quite w unii places, 
where they like to remain. 

The ventilation is intimately connected with the heatbg. The 
cold air enters freely into two large eonduJta that run under the 
floors of the cages throughout their length close by the hot-water 
pipes, eiHcapes by orific.?es in the up[>eF part of these qoudiiilSt l>ecomi 33 
heated by contact with the hot-water pipes* and warms the floor of 
tho cages; then into the central hall through registers placed 

in front of the cages. From the hall a large part of the air enters 
the cages through the grilb, then rises toward openings in the roof 
of each cage near the exterior ivall by which it passes into a conduit 
that communicates with two evacuation pipes. In this way the air 
ilijit has been used and vitiated in the cages k removetl from the 
huilditig and can not return to the public lialL Thb outlet for 
vitiatcil air is favored by the inclined,, interior roof of cadi cage^ 
this roof, indeed, heated on both aurfaces docs not cool the vitiated 
air and preveuU H from falling back into the cage, A aimple systeni 
of valves placed at the inlet for colil air and the outlet for heated 
oir enafiles one lo regulata the currents. Besidesj tlu! ventilating 
chimneys are so made that in cose this automatic ventilation sliould 
prove to l >0 insufficient dcctric ventilators could easily he in.^alkd. 

Tho fact that most of the monkeys inhabit tropica! forests, 

and therefore should have air with a certain degree of humidilv* has 
not been forgotten. To accomplish thuj there have been placed in tho 

41X80—OS-32 


440 ASNUAi^ report: SIWITHSO^flAX 1007. 

hot'll ir condiilu shallow recepUclos for water which by evaporating 
imparts the necessaiy humidity; the spray of the fountains in the 
central Imll also agists. Besides, the fioor of the eentnil hail is 
washeil and watered freely every o^eningH The not^i-s and w'alls of 
the cages are cleaned every day and washed from lime to time with 
eresoline. 

The reptiles^ bntraehkns^ and tiiihes are placed In a house of recent 
com4niction (ojiencd in May, IMG), which also excited our admira¬ 
tion, ITie Tvallg of thi?* house are in great part, made of tlie Fa Iron' 
jiier gla^ bricks, wldle the roof Is of ground gbss^ so that light ia 
dilliiscd throughout the rooms, which are three in rinnibcr, a central 
and two lateral ones* 

The o^ntml hall (pi. vm), which is first enterwL k decorated with 
paintings and ornaDicnted with great clumps of papyrus and cypress; 
in the middle, suiroimded by a griHi is a Imsin of w'uter {ivkich may 
be warmed)^ with a eentml island having gradually doping edges on 
which may bask the inhabitantH of the basin—crocodiles from Uie 
Nile and from Javn, caimans fttnn the Mja^iasipjOj an enntmouB moni¬ 
tor Ikiird from Java^ and several siiecie^i of tortnL^;^, 

In the lateral rooms there are, in the center, large cages for lK>as 
iind pytlionsj along tlie aides, against Jhe Falconnicr hi'icks, are nu- 
mcrons little cages, miniature conservatories, and aqnariunis of vari¬ 
ous ^iisos placed one agidiist the other about 1 meter above the tlooi\ 
Beneath these installations^ separated from the public corridor by 
glazed bricky run the water pips which afFonl heat diiririg winter. 
Tlie small cages are supplied with moss and green plants, and each 
has, in one comer, a little l>as;n for water which may be filled or 
empliLnl by cocks accessible from lM.dow, These csigi^s contain batrii' 
cilia ns and IJ Kurds; a chameleon had just laid some egg^ on the moss 
at tlie time I pub^ed by. 

A [les^ription of the Rotterdam Garden knot cornpletc without a 
mention of the infirmaiy and the grantiTy. The farmer serves not 
only as an infimmrj" hut also os a quarantine for animals that arrive 
at the garden. Upon arrival they are placed in separ^ite chambers, 
easy to heat and disinfect, under the charge of a skilled attendant. 
This Isolation gives them an opportunity to rest after dieir journey 
and ha§ also two other advantages: by keeping the ankiiaia 

for ^me time it assures that they wore not affectetl with any con- 
lagious disease when they arrived; then it makes it possible to free 
them from internoJ and e^demal parasites, which they might convey 
to the other animals. 

The granary is particularly well conceived* Built after the designs 
of Mr. Biittikofer, it prevente wastage of grain and loss of time and 
permits the storekeeper to easily supervise the keepers who come for 
food for the animals. Each kind of grnin is placed in a bin tiLled 
from the story above and <;nntaining the supply necessary for one 
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month. A siinpli? met^haiiii^m in Cilcrh bin pruvpnts the "rain beiii^f 
injurtd by pressure inul uaifiiireiH regular outflow* The discharge 
spouts art*"in the hni^ment, in a room large enniigh to permit several 
kiH'pers to get grniu at the same time under the supervisiou of the 
^orekeeper, 

ZOOliOGlCAL CLVltUE-V AT TllK jrAUTTE. 

The Zoological Garden at Tlie llnji^ie lielongs tn the “ Koninklijk 
Zoologisch-Botanusch denootachap^” a limitud ^iociety foiincled Xo- 
^-eml>er t, for a peViorl of twenty-nine years anti eight months. 
In July* ISDI, Its diiratiori was prolonged for a Kimilnr period. 

The object of the si>riety, as defined by Ailido I of its statutes^ ia 
“to cont rill ate to instructinn by establlshirig a collection of living 
plants and finifnals^ xi niuFieum and a library." 

It is aduiinistered by n bw^ird of nine persons appointed for three 
years ljy the mein hern, one-thinl l>eing renewed every year. The 
board chdo^ from its members a presidents a vice-president, and a 
opcretary. They meet nt lca?t once a month, and every five ycai^ ap- 
jxiint a director, who has the management of the garden and the col¬ 
lections. This director, nt present Mr. L. J* DolilKdmaim* has under 
his orders 5 keej>eni of animaK 11 ^^rLleneiis^ 5 workmen^ and a dozen 
of temporary emiiloyo^, Tn his last annual rejKjrt <1905) I find the 
following data ^ 


Total TwvlrU- - ------- - 

SteialieTB' fet^B _ _ ____ ___________ 32; S43 

reeeintH __ 

RkmJ of aolmiLla _____ _ ___ 4^ TIO 


BxpeuBCfl of tho nfjutirlutii __ _ ____ 140 

The garden is situated to the casti of the city and is chiIj about 0 
hectares in extent. It is siirmunded by water, meadows, and beauti¬ 
ful trees^ which set it of! lo great advantage. Its collection of living 
animals is not of great importance, comprising during last year only 
140 mammals of 30 different apeeies, 570 birds of 187 different species^ 
and n certain niiinbcr of fishes. 

KOOLOOICAO HARDEN AT ASIi?rrEfiDAM. 

The Zoological Garden at Amsterdam (Dicrentnin or Artis) be- 
longs to the Koninkliik Jioologisch Gennotschap, «Xnhiro artis 
magistra *' (li(?rice the name ^Vrtk by which the inhabitants of _\jn- 
sterdam designate the garden). 

The Royal Society of Zoology was founded in 1838, in consequence 
of a circular ^nt out to tlie inhabitants of Amstertlam by an omatciiri 
^Ii. G* hi estennaDn. That circular coiutiicnced us followsi 

Nfittijw art is maiflatra. UnUer tlilft title a Sdclety ba& been fonn^tal bavlu^ 
for Ue objeet tho Kliidy of DnturD.1 lil^or^i' La rtn at tractive and a^frecable maauer. 
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hptli by fl eoJlwtiCrti of aulmaJ* na well na Ity a cabinet of Etiilfitl fliwelmena of 
tlic niiliuli! klD^rdom. 


Th^ rjibinet of stuffed specimens* derived from the collection of 
E, Dmuk. Wits opened to the public in Since tliot tiuiP it hus 

constantly increased, by gifts and pureliase^, thanks to an intelligent 
colliiboi^ation given by tlie Mnnielpal University of AiuBteiHlflmi 
Tiny part of tbe garden cornprifffis to^ay an ethnograpbical museum, 
i^olIectintLs of iioologr nmi comparative anatomy^ and n repi'esentaiion 
of I lie fauna of tlie Xetlierlands, Tlie latter-includes not only Dutch 
vertdlirntc aniniaK moHusks^ and insects, but has also groups of 
indigenous birds^ Tvlth tbeir nests* egga* and little emes:^ all own in 
their nainral surroundingi^ There are also there a certain iiumhcr 
of steTfrfiscopic views of nest^ phetograpbed from nature. The society 
iins also nt the garden a library containing a very rich collection of 


works on natural history. 

The collection of living animals was commenced iti 1839 by the pur- 
chas? of It tiieiiai|erie, then cdebnited, Ijclonging to C. Van Aken. IL 
has incrciii^ed noniiidly siiire that time, c.s-peeLally by the installiition 
of an aquariuni, constnirteil on ground granted by the city under 
certain conditions* to which 1 w ill again refer. 

Tlie society has at present (ID05) 5,000 members. Its affairs are 
a dm inn-ter ed by a council of nine members. iLs receipts amounted in 
to S28,500 florins, among which were tbe following: 


fees- - _ _ _ _. _ . _ 

Entrance fi?cs fmai atnnnient iirAKTrpU itcnM]nN>_ 
^^a3eef llrJae ttUtniutB— 

S!lIi> of im [lie -- - 

ftevenue fnun rcf taonint. - - . - 


Fldrln^ 

7a.ooo 

ir, 

J2.125 


Tlie garden is controlled by the director of tbe socicly, l^r. U. Ker- 
licrt, who the power of nominating and removing employees and 
of freely making all purchase* except very large ancts without refer¬ 
ence to the coiinciL 

The society puts A^hh every year 5,000 florins a* a reserve fund 
from wdiich to pay pensions to aged or sick employccj^ 

The total paid for Ealaries in HX)5 was 5(J,Tl>0 florins. Among other 
expenses T noted : 


florLnp; 

FcMwl fiiT anJnuiln. ^ -— —-.- 30 . tiOO 

l»iiof emliiMiHi _. ^ ^-— - 10, WXi 

Miilatt'naiice of thallUliiRs^ _ . — ^—- —-- 8^000 

Erponpe of ;ranlonlnji_^_.^ - - l.Jsno 


Tlie ganlcn h sitiuitcil to the cast of the city and has an ifcrea of 
10*l'20S bcctarci? (25 acres). It appears a little shut in by the bouses 
that surroiiJi<] it; its lawns and gartlcn platE arc not ^^ufRcicntly exten¬ 
sive; the water cf its ponds is too black and odorous; its buildings are 
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olti 14lid thti paiiilitig^i which ucnimiifnt their wwlly hnve so frtdod that 
some of th™ iiFo fthiiost invisilik. Ilowevert iiidrjKiiidontly tlie 
scientific interest that it proaeiits, the giirdeti does hot luck in chEirnh 
and certain verdurous nooks oniojncntetl with statues are worthy of 
the finest zo^dopcal gurtlens. 

r was not able lo ascertain the total number of iinhuals exktiiig in 
the garden at the time of my vmi (October, 11)00)* There were, 
apparent]}', about l>00 mammals; the number uf nther animats is very 
variable^ 

111 one house, heated to 15*^ there was an orang-oulang in coni- 
pony with a rnacaqne. These aniiunls were kept in a largis isolntetl 
CHge, surrounded by a cwridor glazed externally wliicii f^epjiniterl 
them from the public. The oning has lived in the garden for five 
years without ever having been i^ick. Its continual activity and 
the brighLueaa of eyes were in striking contrast witli the slow nmve- 
Uicnts and sad looks of the omogs that I liad previously st^en in other 
gardens^ How uniubing^ too, were the antics and stniggles of these 
hvu monkeys! As is always tlie case, it was the smallest and weakest 
that Was the iiiost aggressive. At a cerLiin nioment the macaque was 
^ated lit the entrance to the exterior corridor the door of which had 
been opened for me; he was watching attentively the moveinenls 
whidi I made in mounting my camera. But he annoyed the orang 
who, remaining in the cage* wished also to see; after making several 
ineiftxrtual efforts to pu^ the macaque aside, the oriiiig !$eized him by 
the tail and threw' him back roughly. The niBcaque, furious, uttered 
piercing cries and threw hiiiii:^if on the orang, who paused for a 
tiiumeid, quite iistonisLed at sudi violent anger; then, cabu, without 
apparent haste, jumped from side to side, of the cagi-i, always avoid¬ 
ing the mneaque, who liecame more and more furious. The keeper, 
fortunately, put an end to the struggle by calling to the two moalseys. 
who immediately olMivecI bim; he opened the door of llic inner cage 
and the orange w ith kindly counlenance^ posed graciously before my 
camera* which seemed to puzzle him ii good deal. * * • 

The l>efir lionsTe, placed opjMsitc the lion house, dates from L8&T- 
It is a fine semicircular structure. The circular eaige? contain brown 
or black bears of various species. The brown Wars prtMluce voung. 
but do not rear thcnL The white licars are placed in a iargi' central 
oa|^ which has at the back a rocky construction with cavities into 
which tlic females may retire. They have young every year andT 
unlike the lirown bears, rear them very well. 

The aquarium, w'hich is one of the curiosit ies of the garden^ dates 
from 1877- Iii that year die mimicipaHtT of .^Viiisterdam, which 
hud already created a universityj gave to tlic Koyal Society of 
Zoology a piece of land coiuprbing %TA^ square meters, in the ini- 
mediate vickdty of the garden, under the coadition that the i&ociety 
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should M$e this groimd for thu erection of ti largt? building to contain 
11 n aquarium, nii amphitheatcrT a mu^uni^ nnd working hibnrutories 
for the professors otid pupils al the university, all s^tudetits of naturiil 
ecicucts to have free entry ever>' morning to tlic garden, the library^ 
am] tile museum, l^or some time past Prof, ilax Welx-r, the cm'ator 
of the eoUectionSj in conjunction with DrNL-tnr Kerbert, pix^^ent di¬ 
rector of the g:inlen^ !iu,s ohluincd a unlHentloii of the most satts^ 
factory kind between tlie codectioixH of the university and tliose of 
the society. 

The ground donated by the city rested on a sub-wiJ of qulckstuid^ 
[IS Indm'] is tlie case with all Amsterclam. Thert'foro l,T40 piles were 
driven down, ami three years afterwards a magjiilicenl huilding was 
completed on that tdte^ 

The aquarium^ which is the only part of it that is the subject of 
this re[K>rt, was aiTEttiged ciccurdiiig to the system of eonlinuoiis idr- 
cnlatiuii of W- Alford Lloyd ^ a ay stein tluit was used for the Jirst time 
on a large s^ale at Paris in 18hl for the acpiarmiii of ihe Janliii d'Ac- 
cliinatation in the Bobf do Boulugne. 

Under the floor are three great two of which contain 

447,B4S liters of sea water, the olber 1U1*250 lifers of fresh water^ It 
is pumped up by two gas engines of E horsefjower tone in reserve) 
al one end of thrive rei^n'oirs: ilelivered Into two great coudiiits of 
enameled iron (huving cocks of clionite) wdiirh liavo a small opening 
for aeration at their proximal end; it is then carried to the upjjor 
fltK}rs and runs the whole length of the building uln>ve the tanks* 
From ench gicat (londuit the water j>asses into niViijer tubes, placed 
nt suitahJc intem^aliA and the ends of thcsei* filled wSlii glass 
are directly alKiVe tba latiks, the terniinnl orifiee of each of tliese 
lubes is but o few uiilliuieters in diameter, the jet of water tliat l^ios 
from it has snfficient force, after Iwing aerated a second time, to curry 
down with it a current sufEciently si rang to carry away the impuri¬ 
ties voided l>y the fishes into the water of the lank; the largest; of 
thaw mattered falling to the bottom, are removed each morning by 
the attendants hy means of aspirating tubes. 

The tanks, of variahk {Jimensians, are twenty In niiinVier. Nine 
liave a total caipucity of 84,01>o liters of sea wntf'r and eleven a total 
capacity of 014&5 litcre of fresh water. The largest lias a capacity 
of 4t) cubic metcDC 

The service of tliesc tanks is effected from two lateral corridors 
having gloified roofs;, hi which are found small aquariums for zoolog¬ 
ical study and thirteen reserve tanks^ nine* for sea halting a 

cujjjicity of iSdTl liters, and foiir» for fri^sh water, of ^),(K>5 liters. 

The ivater loaves the tanks in which the animals live hy a lateral 
orifice and falh into a common i:3>nduit that takes it bark to the rewr- 
voivb Lu the hawnieot at the end oppo-iite to llmt from which it issued. 


ZOOLOGICAl* OAlLDENg—LOTSEt* 


446 

lie fore returning: there, however^ Uib water tindergoes a of 

sucetSiiivfe it fi^it foils itita a linen clotit stis|>Qndecl nt tbo 

end nf the coTidiiitf tlien it tlimugli w wpo^ien grating that siip^ 

jinrts I lie doth and afterwards traverses a ixjd of sand and grarel. 

All Ihe tanka have sandy bottoms^ and one niny see how the natitral 
mlors of the scales^ donnder^^ iLaniionize Avith tliem. They aro 
also proA-idtK] with artitiebl niclc^ covered witli aquatic phinis that 
form a dark backgnnind and enable one to see the animals [ircrfectly 
an<l ob^n^e their In^havior. No description indeed can do jiistioa 
to the effect prodiiceti by these great fishes swimming graoefully in 
the tran^^jjarent Avater of an enornions tank 5 or (1 meters long lighted 
by a diffused light In Avliieli their [jcarly rolora sparkle, 

Tn the little rcwni] at the Ijack an? found on separata tables a cer¬ 
tain ntinilKir of pjinill glast? aquariums, some cubicah others ciip- 
Rha[>e<L for small marine aninials and others, the teniiwrnturo of 
Avhieh lEi kept rom^ant by means of a thcrmo-regnlator constructed 
according to the system of Pmf^ 3 las Weber* These orjiiariums 
contain exotic fishes from tlie Dutch Indies, from South America, 
China, etc. 

The Amsterdam garden lias also a special indallation Avhich I 
proAdously saAv attempted only at one other jdoce, the ZfK>logical 
frarden at London | that b an inscctarinm, which, commenced in 
ami enlarg^nl in I 6 fl 9 , is now confided to the care of Mr* Polak, 
II teacher at Amsterdanu 

This insectarium is not at all like the farms for raising butter¬ 
flies Avhieh T visited in England, hut it resembled them in paying 
especial Eittention to the rearing of nocturnal moths which in IIol- 
liind constitute peT csiit of the Lepidoptera. It is composed of 
a certain number of small cages or glass cases resting upon boxes 
and arrimge<l entirely around one of die rewms of the reptile liotu^, 
decorated Avith pEilm tnH>s and green plants, which give it the op- 
iwanniti? of a little conservatory, 

Eacli insect cage is foriued of a glass case Avithotit cover, placed 
Avith iis opening doAvnward on a zinc box, the upper surface of wbicht 
piertwl Avith holes and coA'ered with sand or moss* supports AA-ide- 
mouthed vpSiHeb contamhig fresh plants on which the caterpillars 
feed* The gloss of the top of the sj-stem is often replaced by a 
grillage and supports little insect boxes^ containing dried sj[>eciuueiL3i 
of the aamo species that are seen al^A'e below. 

itEsrstn. 

Since my jonmey was limited to the United KingKlom.^ Belgium, 
and the Xctherlands, it is not possible to draw from U any conclu¬ 
sions regarding s«K>logieal gardens in general^ yet it may be w'ell to 
give here a sort of s^'iiUictic rfsumS of the principal facts observed. 
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kteK- to u work upon ili^ uiilimtioo of sodi cstab- 

lihhiuifnLi;; nut ojJy tot tbeoi:^ticxil and practical science, but also for 
the education of artists and the ^neml instruction of the public^ 

From an adminigtrotiTe point of ticw the great zoological gardens 
full into four categories: 

FirsL Those of Great Britain are carried on hy a superintendent 
under (lie eJfeetive direction of the secretary of the society to w^liom 
the property belongs. 

Second. Tlie ganleu at Aiit\ver|) is ndministered and carried on 
by the president of the society nided by the director of the garden. 

Tlunh Tlie gtirdcn at The Hague is adniinbtcrvd und carried on 
by a director appointed c^'ery five yearaf 

Fourth. The gardens at Rotterdam and Amsterdatii nre admin- 
isterfsi and carried on freely by a director under the annual control 
of a I'ouncil of adjiiiiiistratiou. 

The last of tlicse systems seems to me to be the one best calculated 
to give a sustained activity and a prc>gresiiiive iniprovemeiit in the 
iiicLliods of caring for tlie animals. Tlie Lliird otieT on the contmryt 
seems the least fruitful of good results. 

The following table will enable one to form a general idea of the 
aetiriiy of the groat zoological gardens which T vidied during the 
latter part of the year 190 o-6p 1 will merely remark that the re^ 

sources of tlje .pieties are composed of fixed for tUo members, 
annual subscriptions, gate receipts^ ^ale of bving or dead animals, 
ndlk, eggs, guidebooks and postal cards, rent of rcstaiiianta or 
ainiiseaient haUs^ and finally gifts, either of animals or money. 

Wiile the zoological gardens at Loudon and iVmsterdam, and the 
aquariums at PlycuoutJi, Port Rrlti, and St- Helirr have iindcrtakiiii 
uioie or less import4int tvorks iu morphology, physiology, or taxon- 
oniy, and the resources of the first two of (he^ institutions have also 
enableil them to jmbllsli scicutitir periodicals tvlio;^ value T willingly 
recognize, yet not one of I hem has undertaken the w’ork for which it 
would ^tTin they were really cHiBblisImL that is to say, oljservuiticina 
or exi^ritnenis made patiently and for u long time on living animals 
to determine their habits, reproductjoriif, and relations with their 
environment, in fact upon what we have a right to ask of zoologists— 
the study of experimental tnihsformism. 

I am not» indeed* the only one who h ns made reflect ions of this 
kind* Alnndy, in 188D, Prt>fcs50r Rar-Ijankester rtrmarked that, 
Darwin, no hirgc progress had \mm made in the line of general 
v;o€>hTgy, iiinl he regretted fimt zoological gardens had always l^een 
conducted as popular exhibitions. {Encydcp{pdla VoL 

XX1^ , p. 817*) 

If thet^ gardens have not been used for the studv of general 
zoologyn it would seem that^ unfortunately, they have not materially 
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lud^ in tile eJucatian and inBtruction of the people- Cemin of 
their coJketiajis Hire doubtless iine, but the yf ttnitiiHlit there 

sJiown are pkt^d in a wholly nrtiliciul order^ and the visitor 
Ui look only the bcusts that are curlotia in fomi or culor or 
njost aratu^ing in their ijioitiiiioijts. 

XeitJier do the gnrdejis servo to iJittstmto tho »oologtail histoiy of 
their coimtrica, for wo havo not found »nywhero, mproducuiif in a 
cm^lant mitniter, representat ives of the indigenous species or varieties 
tliat am at the present time threatened tilth extinction—the wild 
cattle and cats of Scotland and England, the ™1 deer of Ireland, the 
Gity itnd fowls of tliu of Man, i?tc, 

ITie jsoolugical gardens do, however, otfer at the present time a 
great advanla^.; that is, that they enable us to ascertain, by a com¬ 
parison of their meliiods, the best means of preserving wild ajiiniala 
m captivil^y. This ia by no meatiH a slight matter, for this bnowlcdim 
13 etndently the primary eondition without wliidi it would not bo 
possible to make any satisfactory observation or experiment. 



SfrutNietiivi IJlH, 


Platk L 



JOHM RAY, 1627-1705. 





SY8TEiLVTIC ZOOlAjKiY: ITS mOGHESS AND PUHPOSE^ 


By Gill, 


It ia moat fitting that in this voar^ iivheii the sdetitific ^vnrld is 
cnmmemorftting the untal centenaries of two nuturEilists who huvc 
Ikh'u regarded o>s the eJiief sj^Mtemiitisl^ of their tiiiics^ consideration 
«JkOuld be given to the subject iind object of their old pursuits. Curl 
Linii^\ wbaso blcentenar}* has Ijct^n celehmtciC was tlie man who finit 
provided uti elnliorate code of laws for the fiumendature of all tlie 
Jdngtioiiis of nature and set an example to cithers by provbsioii of 
concise and apt diagnoses of tlie groups and species he recogtiisEed. 
IjOuis AgassiKj who was Iwirn during the centenary year of LLiane, 
gave a grand inipiilse to the study of nainre in his adnpLed miintry, 
raised it in popular esteem; taught new methods of wurk^ and dii'cclcd 
to new lines of investigation, 

Of all the students of nature from the tint® of Aristoilc to the cen¬ 
tury of Liiint^ none reqtxtrei jirei^ut notice as a i^ystetimtic SEoolcigtst 
exciipi John Kay, Avho was the true scieiitirtc father of the Swede. 
Buni In 1627^ he Nourished in England duritig the last quarter of the 
seventeenth century, and died only two years before the birtli of 
Linne. 

JOHN ltAl% 

It was long ago truly aiBrnied by Edwin Lankester that Ray has 
been pronounced by Cuvier to be the fin^t true systemaiisst of the 
animal kingdom, and the principal guide of Linne in the department 
of nature/*^ He, indeed^ made a pathway in the zoological field 
wh 'h Linne was glad to follow, and to some extent he unticipaled 
the brightest thoughts of the gi'cat Sw'cde, He, for exatnpk, in a 
dichotomous systematic table of the anliim] kingdom,®' finst combined 
ilxii lunged fish-like aquatic and hairy quadn]|>ed viviparous iinimals 
in a special category {Vivipam) in contrast with all the other ver- 

<>Adnrcwi Iwfom tlic Svgtlon of SyMieoiiatlr Zvu\o^, Sevcntli IntcriHitlaiull 
Koolojjlcal Coiigroris, AiJjmsl 20. ite|>rliitwl fruui Bcieaee, Oct. 1% 1907^ 

wSth verbal atodincattons ami add Ulan iil noteii, 

^ Lanke^rp EdwiDp **Ttjie CorreBiMUKlence of Jolm Eny,^ liHp, m 

^ Rayp Jolui^ *■ Mctbi>dlcit AatmaUaio Qiaiidrutiudiiiti et Sersx^atlnl 

Geaeria.^' imi, |i. 


J4U 
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AMSUai, REPOJIT fiSTFTHSOIflAJr iNSTiTL'noir, IW. 


■---P-VAI ^ -linJi. 

tebrates, loiiFing to Liiuii? ojilv rlit? nrii iTo™ ’ ■ 

•ilKssL tb.. rccomiaed n Sfiv'iDgr a nmno to Hie 

l^y a h«irt willi^^inirlo f i^'^pf^nritig miJtrmla tli9tiiifft,islj(.d 

and thus 

"•'■W- f'' '""‘r 

on W, UW, wull llr“l 

the OEClXNI>fC« OP .^BTEMATIC ZOflLOOT, 

.saimUnn. „f "”'■' '* ’“■oli .n 

of llii.- flcJnrals ,l,;d, |,„.., ,„,j "1 " ivvluw nf so,Ms 

I wlU vo,..„„, r» ,„ «*'",“t ^ L,. 

annewhn, iiiff<.tt.nt view of tKe " '^ we muy Uave to Inko « 

one eaviv t„v,r™oseoti r? i. j I"'™'™""'* »' ■»'™e men ,1,«„ di,| 

parposo, the vtork of two who evorfieuw! e. i 'T ' ^ ^ pi^nf 

a piiramoimt influence on nnin' i ^ considerable time, 

espcciiillv i>ecBii.se there hnc T procedure deserves notice, 
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«?qmi]]y doitiitifini from the quarter of the last ocotiiry to Tsrell 
into the thinl i|uartrr. No otlii^r nien approiadiecl either of these t’lvo 
in influence onMhe i^ork of contemporarieH or suec«^r-^. The evil 
feature^, ns ttoU as the gcjod. wore tranH-mitted to and adopteci by 
Inter authors. Therefore, a notice of those features iiiny ai^ist us to 
a correci jtuJjnnent of the history* of our subject, niid may help to 
show why the disci pi os of the great Swede, as well as the great Freneh- 
man, romplkated iiiany problems tlie)" investtgivt.eiL SitOU-ient time 
has clopiscd to enable us t o j udge knowingly and impurLially, 

CAJIL VON Ll^tNli. 

Linne needs no present enlogT, for this year his praises have re- 
Bouiidcil over the whole world. Born just two oentnriea ago { 1T07) * ha 
puldii^hef] the first edition of the Systema Xatiine ’’ in aiul liis 
last (twijlfth) in ITGC* The various ijditiotis ninrfe to some extent 
the steps uf niniis progrejis in the knowledge of nature during the 
time limited by llie respeiitive^datcsp 

Linne'^ industry wa^ great, syiiipatliies widespread, and his 
method in large pari good. Compare the Sy>tema Naturte ” iind 
other publi eat ions of Linne with workw published by earlier authors, 
and the reason for tbe active appreciation otid esteem whirli gi'eettKl 
hb vvcjrk will be obvious. The typographical dress and the dearness 
of expre^^ion left no doubt as to wliat tliu author meant^ and enabled 
the student to readily grasp his intent ions. His 1>oIdness in giving 
expreifiion to new ideas insured success when they deserved it. 
Altlmiigh Bay had already reccpgniiced four of the great gronpa or 
cla 5 i®e 3 of vertebiwtcs, he had not named twu of tlieni, aiul there were 
vemflculnr tertns only fur the Ijirds and fisbc>, Linii^, for the first 
time* applied names to llie other groups, luid ad ini ruble ones they 
were. 3! amnia I in and Amphibia were tlm coinage of Linne and ore 
still retained j Mammalia or mammals by allj Amphibia or amphibi¬ 
ans by ihe majority fur one of the classes now adopted. 

A great advance^ too—an inspiratioti of geiiiua^ indeed—^was the 
?!egn*gatioii yf the animals combintnl nndor the class of iiuimmale. 
Popuhr prejudice was long univet^il and b still largely against the 
idea involved. Sai red writ and clm^kiil poetry were againni JL It 
*i-eineil quite unnatural to sepjirate aquatic wlijilea from the fishes 
which they re^mbled so much In form and a^isix^iate them with ter- 
iTfStrial hairy qiimlnqwds, How^ difficult it. wa3 to accustom one's Fself 
lu tho idea is liard for naturali^ls of the present ilay to appreciate, 
linne himself was not recoueilcd to the idea till 1758, although liny 
ha<l more than hinted at it over lhrec-s«*ore years before. At hisl^ 
however, in no uncertain tennSj he promulgated it. It was a triumph 
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of science over pfjpular ImpressioTis j of 110 ( 11001100 1 consitknition over 
^iperdcial views. 

Blit miti<fJei] with the prreal benefactioiifi were mally views wliicli 
long iniiiieiicctl iiaturalists, but which juuilcm zoology* has over* 
thrown, 

USX^AS CLAaSRS, 

After tlie tenUtivc Hrrangenumts published in the original first, 
.fftNDiifl, nnri sixtli culitioiis of the Systems Li tine thorutighly ro- 
visett his work, iiiul, first consisteotly (ipplicd iho iiinominl metliori of 
nouienchitiire to all spreios in the tenlli ctlition, piibliahetl in iToS. 
Six classes were admitted with ih[ii 81 rank, no category toeing recog¬ 
nized between tin; class and kiiigilom. The clas«!S iverc the Mam¬ 
malia or mammals, Aivs or birds, Amphilihi, I'isces, losecta. anti 
\ criiies. The first four of these classes correspond tiuiinly to the 
Aves and riBiiHdesa giviips of Ray, 

During the TJnnican [leriud of activity the invcrtchralrs were lUllo 
nnderstntxl, and his ti-cntmeiit of that enorinouH hfjst, tt'ferred to his 
two classes fnitecta and Vermes, conti'usts rather than compares with 
that nt the pressEOi time, ^fatiirally, tiic vertcbnitcfl wem much better 
corn prehen ded, and all sindi then known, with a single cxcfptiaii, 
were disLrihuted among four ckiists just named, the Mammalia, 
Av’es, Amphibia, aiul Pisces, The solitary oxceptinri of cxcliisicm of 
11 true vertebrate from its fellows was the reference of the genus 
Afifjune to the ^Vrmea, nest to Tcpcdo, the sliipworm. 'I'bc first two 
classes were adopted with the same limits they now have, but the 
Amphibiii amt Pi.m^es were constituted in a truly remarkable iinmiier. 

1 he class of Amjrhibia ivas u creation of Linne, and was simply con¬ 
trasted with his Pisces by having a lung of si^me kind or other 
(“paJmcNflc arhiirttno''), while the l^iiicea have exposed branehiie 
(“frntncAiM The Aniptiiliia, thus defined, were made tri 

inehide as orders! fl} Reptiles, or Reptilta, having feet; (2) t?er- 
pefUeS. fot)lle-',s, and (!t) Nantes, having finsL 

1. rider the Nantes were first groui>ed tfie lampreys, the selachians, 
the aiigletx ( Lophiits), and the sturgeons (.-IctpfuSir). In the I wclftli 
edition were added €ydoptci'uti, Balivtcm, Tetrodon, Bia- 

dof*-, t iSii/rtgHcfAor, and The Nantea were added 

to the Amphibia jjartly Ijeeatise of the assumption that the brnnchial 
Jiouclies of the lampreys ami tlie selachians were lungs and partly on 
the aiitliority of Dr. AI(!.vflnderOardcu, of amrieston, S. C,. who mis¬ 
took the peculiar trarisronaly exiianded and partly doiihlo air-blad- 
iler of Pi^dim for a long. M ith such error's of observation as a baais, 
Tunne apparently assiiined (hat all the usaociateil genera alswi had 
Iiings. Gmeitii, in his edjtion of llie *’■ Systonm Natural^’ (genonrlly 
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culled the tliirtTOTitli);, corrected thin error, iind rotumed till the 
Xiintes to the clusa of Pisces, tJuus nirertitig to tlic older view of IjlnntS 
liiniaelf. The Pisces of Linn^ Included only the genera left after the 
excltision of those just nnmed and nlso of ,l/ya?inc, which Inst was 
referred to the cluss of Vermes betwiMfii the Iccchea (Hirndo) and the 
Eihipworms (Fcrt'ffo). 

1.t2rN£AN OENILR.V. 

The gencTO of Linne were intended and thought by hiJii to he nntu- 
ml.* and natiiml groups some of the so-culled genera were, hut pres* 
ent opinion assigns to most of them a very different valualion fioiii 
that given in the “ Sj'steni Xatune.” ir^tne of the genem of Tnverte- 
brates were cJCtremely comprehensive. For exoniple, Asteriiuf in¬ 
cluded all the memlwrs of the modem classes of Stelleroitlea or Astc- 
roLdeji and Ophiuroidea; ICchinm was coequal with the Eehinoiden; 
{'anver, Bpotphi. -1 rnncfl* Scolopendmy and Jului^ were o^sontinlly on- 
cstenaivo with tuslers or eveu higher groiipa of the Boologist-s of the 
present ihnfc Others were so heterogeneous that they can not Ijc c^mi- 
pared with iiKKlem groups. Tims nolathtirifty in the lust edition of 
the “ Sy.stenui,” was tnatfe to include four hointhnrians in ihi' tniHlcrn 
cNmse, a worm, a physaliid, and three tuoicatas-; in other leriiis. the 
so-called genus included representatives of four different classes imd 
even branches of the an inis 1 kingdom. 

It has been stated by various writers that the genera of Liniie were 
essentially cciequul with the families of modem Buthoni, bttt, as has 
been indicated, such is by no means the caiic. Other striking escep- 
tions to tlie generalisation may Iw shown. 

Mot a few of the genen of Vertebrates, although not of the super¬ 
lative rank ns seTi*eral of the invertebrates were equivalent to orders 
of modern zoology: such were, in the main, Simttt, Tt^sfudo. Vv^pi r- 
fUi^t and Ramt. Stmia included nil the aTitliro|joid Primates except 
man; VeifpertRio was equivalent to the order Chiroptera Icsh the 
genus Noctilh: T^ntudo was exactly eqmd to the order Tentudinata or 
ChelonjQ; Rana to the order .Sallentia or Anura. A number of other 
gxmera of one or few species known to Linrni were rIso of ordinal or 
subordinal value. 

In striking contrast with the range of variation of such genera 
were others, of which several, well represcntiHl in northern walerH, 
may be taken os examples. Sc^^rpuna was distinguished sltuplv Inj- 
enuse it hat! skinny tags on the head;* Lnhnijf IwchBusc it had’ free 
membranous extensions bcliind the don^al spines;® and he- 

ct ortio wt sflplontls*. Reaus et speciw N'atuni* imnsi.— Ltnu. Kvsl 
t. 13, ■ 

^fifTOrjuTfia, Caput clffts Ddsperatitn. 

'Xo^nifj, Plami donmllB nnuento jwst eplnae netata. 
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cmiso it iiar] the caudul (wdiiiicle of rogulttr height * and scnrctfly con- 
nf rioted 0$ tistml in Tlie;* chamcters arc of such slight ^stc- 

timtic importance ilint they hare not liven used in the diagnoses of the 
genera by modern klitliyologists. Further, use of them misled even 
Liniiv as well as his sueoessors. tjioine of tho consequea<x!s may he 
noticed. 

The close aSinity of the Norway haddock ” or Swedi^ Kungsfisk 
or Itodfisdc {S€iiu>U';-^ nuiriutit) to the typical Sicrrpiiena was unper- 
eeilined mij tiiai species referred to P^ttra and wen confounded with u 

The typical Labri of the norOicrn sens do, indeed, have Bliform 
procc^es of the fin mcmbi-ane behind the dorsal spines, but most of 
the species referred by Liinne to hubrwi tlo not, and among them is ii 
coiiiinon siiniish (flariViis = l-cjiinnh auritui) of America. 

Tlio genus Cobith was made to inchiile CyprinodonLs of tlie genera 
Anabl^;p« and Punduiun, and thus wens astoicmtvd fishes different 
tittted from the lAinches by diameters of immeasurably niut^ impor¬ 
tance than the trivial one wludi was the sole cause of their jmtin- 
position. I 

Another conspicuoiL^ instance of a trivial cUnracier used ns generic, 
and contrasting with very important dilfurcntials of species included 
under the same genus, is furnished hy i?a«p. The essential Unnican 
diagnostic chiimctor is the protrusion of the lower jaw.‘ Nine spe¬ 
cies were referred to the genus which represent no less than eight, 
distinct and, niostly, widely separates] families of modertt system- 
atists * Several of the species do not haw the prominent lower Jaw. 
and one of them (LcjHnogtfm of tuodem ichthyology) is eqie- 

oiully dUtinguished by Llnne himself on account of the shorter lower 
jaw.* 

But the moHt markeii cases of inaignilicanco of characters nsetl to 
differentiate by the side of tliose serving for combinatjou urc found 
in the class Amphibia. 

The genus Laeerfa is mode to include all but one of the pedate 
Lizards, and the C-rocodilians as well as the salamanders, but Uie 
“ dmgons,” or Agatnoid liaards witJi cspniisihle ribs, are set apart in 
an independent genus.' 

* tVittftir. Corpus vl* ml c^oOnaj rtiJi'iUitiitiii]!i, 

^adtbutii iDferlor Innslor, fJiTiiHatD. Sjrat. Xat.. ^ 

Jllie Rpccl<« ore (l) Si>hiinri,ii (ftphyncntito. (2) iwircH# n^ejilewteldie), 
(3) l iriprii (AUiuliitu*). (■*) {Sj'iioOaiitlilffiK (Si luctM.^ (rinclIilHi), 

<U> Mumi- tEaociaB*}. (71 hr/uif tH^ anil (8) Orn«(l(CA«(« (EicnvartJclivI, aod 
tBi ffitutnocfp/ttifuf (Cli[rrK.itiUr!itir|. Wj-wt. Nat, 'Olt, 5i;t-Sl7, 

ytatidibulii Inferior tireilor. Kym. *o«. 

'•tatrrftf, “Corpus (Tustn Attsrd tiaduai, coTHtarmu" mhImRtlai.' with 
Ifnicti. “Corpus Alla vulatUc," Sjrt. Nau *66, SlB, 
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The genus u'aw iutendefl to eiiibrncc nil the siiukes* * except 

Lliuse with a rut tie or undiviJod nbduDiiual and caudal scutes,** and 
henw! the vijsers and copijerhcads. m very dcij^ly rdaled to Ihe ratile- 
snukes^ combined with ordinary »^nukes instead of wiUi their 
true reljithiiiijL*' 

Many of the genera of Linn^, in fact, were very incongruoua, and 
the great Swede not infrcqiicntly failtd to iiuerjiret ami apply their 
characters in the allocation of specie^ A few cik^es furnisheil by 
cenrnnon Kurij]x^;iu or Aiijerican fishes will illiistrate what is rneanl. 

Si>wiineiis of the com in an gunnell or butterfisli weiv received by 
rdtitie at ditfereiit liiues and once referred to his genua Ophidii^n ifnd 
at unoLber time to tlie genus BleHuim^ and the same speei® stands 
under both names in the last two editions of Ids Si^stcma.*^ 

The cofiiiiion tr^adhsh of the Americans fau) was plinMfd 

in the guniLS fJadm {tun) and a nearly ixdaled species of the Indian 
Ocean was refcrreci to the genus 

The common tcn-poiinder of the American coast served as the typo 
and only species of the genus Etop^^ ami also as a second species of 
the gimus Ar^^nlmn. although the diartictei-s given w^cro in decideil 
dis^aiiil wilh thd$;a used for the latter geniis^ ami in Ijarmony 

with those luij ployed fur the distinction of the former gotins, Indccf], 
ii might be properly assumetl that the ascription of llie Anpnima 
randimi to .Irffenthm was simply a malter of mb{da('emcnt of a, 
fiiamiscripl leafs and such it may even now coiisiilei\?d, altlmngh 
the error is euntiimetl in the twelfth edition, having cai^aijcd the 
notice of I^innc, 

LIXX.EAN N OMK N l^ATI rUK. 

The rode of nomeneiature devised by Li tine was in tunny l■cspect‘^ 
adniirahle. but he ditl not provide suiiieiently for the principle of 
priority in tmmenclature. lie set the example of changing n iiamo 
given hy himself or by others, when he thought a letter one could Iks 
substituted; he also felt at lilierty to cliiiuge the intent of a genu^* 
A few' examjrles of manv' cases muy illustrate. 

In lTof> the name Satada was given to the Portuguese man-of-war: 
in iTfjS the name flolotkuria was substituted^ in ITtjG the latter naiiio, 
wag retained, but w'ith a very diifemnt diagnosis, and for iho 
lii-st time four hgluthnrians in the moderii sense of the wortl were 
introthiced. 

In l<5tj the names £?encArrjf and 07^t{itopIiorus were used for 
genera, two years later renamed Boa ami Crotatm. Tn 1750 Artedi’s 

•Cfjni&CA ^‘Seutji akHlgminaUii: squatan^ caialftlcs” contrnsttoK wltJi 
titim. ^^cata n^Nl^tafnalla caudjitliuuie cam ereintaciilo" atid Uoa, Healct 
iilkUaidttalla ciuidflliaunt^ abKitae i-repliaculd ” Nan, 'lai, lUiK 

* As an cXBiiildc of V^iubiT a Gguro {tab. 3, nf n isiLrtka wltli vt iHuu 

fanc^ was pHcn. 
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luiiiiP, Cnfodtitt, wn-s ri'initunl fur the sperm wlmie, and Artetirs Pfij/- 
itcter (liftiIlly for Hie killet« {Orrti ): Init in 17ri3 Pht/xttt*:r was taken 
up for the sperm wbule, for which it Uaa been retuincH ever sineo, 
except by n vcr}' few tinttiifi lists. 

Ill 1756 and 175S Op/tMton wns used for an acanthopteryffian jng- 
ulor fish—the t^omlllOIl northern Initleriish, or gjiinncH, now uencrally 
called /■Aefw—but in 1766, under the pulse of Opkidfam^ it waa 
irtuisferrwl to the Apodcs and primarily used for the soft-finned 
(supposedly) aptxlal type, which is Etill known os the pEiuis Ophi- 

ififttiK 

In 1756 ntisl I75fi wns usod for the manatee iilone, while 

the Tralru 3 was coriwlly iisswialed with the soul3, but in 1T6C the 
very retiu^rude step was tnken of abL^iating^ the walnia with the 
ijik!kiialee and retaining for the two the name J'ru'^A^chnif» Jhmy 
jmturalists persist to the present day in keeping the name for the 
w^alrns iilone. 

Tlie exanipk thus set by tlie master was natiimlly followed by his 
disciples. Many felt ni libcrli' to change names and range of genera 
ns Lhey thnnglit best and gieat confusion resulted, wliicli has con¬ 
tinued mort' «r lfe*^s down to tlib year of grace^ 1907+ 

Many of tlie evils which have been the constHjiieiico could havo 
been prevented or reclifietl if tlie Britisli A-'^socialion for the Ad- 
viinreiiieTit of Science had lieen logical in the code i often ailmirable) 
which it publisbec] iti^ 18412. Instead, however, of Accepting the edi¬ 
tion of the ‘'System Xatiine^' (tenth) in which Linne Hrst intro¬ 
duced the hi noon a 1 nomenclature as the starting jjoint, they pre- 
ferretl homage to an individual rather than truth to a principle, and 
insisted on the twelfth edition b 5 tlie inillal voliime of aoologicul 
ni>menckliire+"^ The unfortunate consequences hav^e Wii manifoUh 
Such coiisequenrcs are tlie natunil outcome of illogical and ill- 
coiLddered action and inus» iihvays sooner or later follow. After 
thetk* many years almost all natumlists have acceded to the adoption 
of the tenth cilitinp+ 

“Tljv atitlltioa of Kiaae pcaem and nmnj- >5 |ioi’1i 4H tn tlie twolfth edition marbe«l 
na ndvnace in ElMt rapwt of l.Inii^'a tnowledj^e, hut otherwir^e iio tlnnor ^aji 
of flic umlL-rlalH iia band lii!eAnio aitiiilf^t. On ttie cnntntry, one fnmniar with 
tliu ifpc«:lc3 mu AdircGly fall to an Itien?a90 of a tomleuejr to luiitatlcnee 

til dmlln^ wSih iletalla atid aot tsekhini a Kcirtjj jtiift;Tniait Iti tbe allocation of 
wjn'cEci in tlic grtipta. Indeed, UAder the clrciim?tniicea. It wmilil have hoea 
hid ter If the IakI eilUloa luid never t^-en jiuhllnticiL >'o ano wlio luia not ertt le¬ 
nity axiiinined Uie ^j'Rtenui can have aa 1dm uf the oxteut of fllrtereiiaaej be^ 
twcaiEi the generic and eantcntB, the du|dlcatlon uf under dilTer- 

eikl !;eAerai the Dilstnkef) nf pyaou^iuy, arid other fuEitti^L It luia twcu nlUrnii^l 
that Htrlck laiid. I he chief fnniiulator of ihe tw A* of had lueferml 
I be lenth inlltlnn, but tvaa ovorrtiled hy hbi lesa InforuRH] uiisovlate^ tif the 
oilUm on nomeuclaturo^ 
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If Lhp vfrii'bni^f^ wert' sn imirli mtsimderstiMifl bj Linne* it umy 
jhrbhmiDy fiU|ipciS4M:J Unit tlit* iriv#?rtubmti'f» wen? i4|iially or still 
li^ iiTiTlerstooU. Only one inlerecitiii^ ease, however, con Iw irpferred 
In the ninth edition of the "^SSjslenm Katiino" Ltniie hurt a 
monotypk: geiiijs Sulach (jv 7t)) with n '^lyecies luirnecl l^hyAali/f 
wliit-h wns evidently n Ph/i^fiila ay l<iri^ nnclerstood. In the tenth 
edition the name f/ololAug^i^ was si ibfd it uteri for iVafenV? rtiitl no holo- 
thnrlitriy in the monlern were reeof^uked. In Ihe twelfth edition 
all the sjjeciea t>f the former edition were retaineiL littt tlie dmgntKiis 
w^as altered luid four lioIoUuiriiinN nf nx*ent authoi^ wtMie inldeib nrni 
thus imimals of ditfereiit suhkini^ioiii^ or bnmehes wefe emifounded 
in till* ^rnus. Xow^ if Ave jir?eept the teiitli i«riitioii of the *^Syriten]a ” 
as the h'tjiHing' of nor nojiiencbttiine, nbvinnsly fJoiofJittnti eaii not 
Ik* iistfl as H Imn Wn for these many yeai^, and it must be revivetl 
in plnre of notwithstanding the Umienty of those who are 

diytresserl by sijcli a cbanire. The echiiu>i1eri]is now called liolo- 
tbnriahH must be I'emizneiL Wa can imagine the ehimor that Avill 
i'lrisc whtiii some one atteiupt^f Ihp e|ian"e.“ 

^tnotlier funlt of less moTnenl—indei-d a matter nf taste diieflv— 
was eommitted by Liiitie. Very nutnenmy nanu=^ nf phtnls aiul link 
Inals oer^nr in the wnlings of various ancient aiiUnkrs and weitj mostly 
I midentifiable in the time nf Linnet He dreAV upon tlib store with 
niter sliHregard of the cr>nsf'queiic^^ for iinines of nr^w ^^nera, Mos-t 
iif th[- II nr ion t iiamr?s mn now T>e idei ill fieri tind iissocintert Avith the 
sixi'ici to which they Averr* r>f old applied, and tlie inconpmitv of the 
old and new is E^trikinj?. For example. a C^rr'ck name 

of the hare, was ixrverled to the [irmadillos; a naiiie of an 

E^'ptinri jjlover., AVas inisinsrHl fur the humming birib; Amhu a name 
for u tunny, was tninsfr»rred to the liuAvfin of North America. There 
Avuii not the slightest justifieatiuu fr>r such t>riversioii r>f the names 
in analogy- or fitiir*!^ of any kind; therr? Avas un reail excuse for it. At 
the cnmiutni.Tmetit of Linn^'s curcer (1737), tlie learned l*mfei*«>r 
Dilleiiius. of Oxford, >^trong!y prulestr^I against Mich niisiiMige for 
plant gimeni, but the sinner jn^rsisted in the praclioe till the eiitL 
Naturally hb sehoinry anrl Inter iU}mencbtors foIiuAA'ed the bnrl r>x- 
iimple, nod systemntic ?.iH>log 3 ' lajiisefiiienlly Inirrlcned Avitli an 
immense numlx?r of the grrjssi^t and mortt misleading misapplicatiorw 
of ancient nam es revr>ltiiig u, the cluHsicist aiuJ Iiistoriau alike. 

After LJinllsixjrlH.Ni nf ihtr imtae fHt iiiwrly u t^uiry uud ji 

two laautXTirlently. In tlie iiiootli {AujsoMt, Iufl7), clifllU-ajtHl 

ihf? rl^ht of tli? TlDtoljmrLihna to thi* tiaioe ami iMalimrlnl tliiit the 

JiolotLiiriaiiH nf tlic lOLHlonr^ i^Uoulil |ig reianiiLHl—for tlie 
KeiiuH and for the fnmtiy. T. CM oi!hIS«Sied Uia reuuirks Jn 

ror Aiiaest U 385) uiid h\ Kn Uie i^w>logEscllcr Aa^cluer tvr 

Au^ubI lio tp, lOG)^ 
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Tlu’ influent# of Linnc ecnitinned to felt initl lus f^stoni to be 
adopted until m new c^enliirj' had for wmc time run its coui-seu Meim- 
wjiile, in FmoCT* u great zoolo^st wjisi developing ii now i>ystem winch 
was piibliHlierl at lengtii in 1817, and anew with many nuaUlkations 
a do 7 ;cn years later (1829)* 

L&>PL>JJ> rJIRETIRN t'KtJJKMIC Il.tOtIBEHT f-tlVlKH. 

Georgf^ Cuvier (Imrn claimed'^ that Iwfore him natnnilists 
like LLtmc, distribiiLed all the invertebrates among two classes.^ In 
iTlifj he published an account of memorable miatomieal invci^tSpi- 
fions of the invertebrates and rangefJ them all under ai.\ classes: 
Mi>!lnAks« crustaceans* insects* worms* iNdiinoderms, and Koopliytes. 
This was t'ertuinly u great improveiricnt over jjrevious isysteinotie 
efTorts, but froui our stand| 5 ^>int crude in many resspects. It was^ 
however, necessarily crude, for natui'alists had to team how to look 
os well us to think- 

Cuvier hiler essayed to do for the animal kingdom alone what 
Ltiine did ff»r all the kingdoms of nature- So greatly had the iinm- 
Ijor of known anirnaU increased, however^ that lie did not atlempl to 
give diflgnosL'Sof the species, bill niendy nnzned themj meetly in foot¬ 
notes. Ills superior knowledgt^ of anutomy enabled Id in lo in^iiliite 
gn^at improvements in the syslctu. lie aLso. fir’ll rettigiuKE^d Hie desir- 
n hi lily of combining in major groups ehisscs ctmt-eniing wdiidi a nuHi- 
her of general propositinns could l>c posttdatwl. 

It was iq iSld tluit Cuvier presentefl to the Academy of Soieiics^ ^ 
lib eeiebrated memoir on a new at^ichition of the rliM-ses of the animal 
kingdonu pro|>osiiig a spcnrial category which he called brunch <em¬ 
branchment), and marshaling the classes rec-ogidzcd hy him under 
four primary groiipa: il) the Verlehrules or Animaiix vertebrvHi 
(3) the Mollrisks or Aniniaux moUiisqiii^s: (;i) the Arlicnhiles or 
Aninmux Qfticules^ and (4) the Itadiates or Animaux rayimn^ 
These went- adopted in the Regne AnimaL"^ In the llrst (IHIT) 
rdilion, as in the second (1829-18^lb)j nineteen cliifses wen; w?ogniKcitl^ 
and in the la Her tiai little consideration was given to the mimeroiia 
prop<JsitionHi for the impmvemetit of th^ system that had Ihmiii aiig- 
geslcil and urged iiieanw'hile. 

It has Iwen generally as^siimcd thsd Cnvicr'i; work was fully up to 
tlic high mark of thi} time^i of publication, and for mtiny years tho 
rlassihration whieli he gave was aei^ptiHl by the majority of iialuraU 
ists as the standard of riglit. I n such extent was thii? the that 
his cksi^ification of fishes and the families then delincd was retained 
to at least the fjenultimate decade of the last century by the first 

* AalmnL i?ii7, i, oi. 

^ nnd nUaillrl'eil 

^ Auil Mint iliiit. S4at^ isUi, lU, 70^, 
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iohlTijfllrtgistH of Fnitiw. JTpvtrthplpra thp work was quite 1>figkwiin:l 
in some ri'sprcts mi<] exeroisetl a retardatiro influence in that the jire- 
1 'mint‘iil regrtnl in which the great Frenchman w'lis held and tiie pro¬ 
clivity to follow' ft leader ke]>t in any from paying any attention to 
superior work emanating from Cuvier’s contemporaries. 

It is [)v no menus always the nalurulist who enjoys the greatjcsl 
it'putfttion for the tinio being llial unticipateH future coneluaions. A 
^ Finnic h run n wiio hold a small place In the world’s regard in com [pri¬ 
son with Cuvier advaneefl fur ahead of him in certain ideas. Henri 
.Marie Ihimitay dc Hlainville U"‘-lSriO) was the man. Ulien 
t.ier (18I i) associated the marsupials in tlie same order les the true 
nirnivoresaiul ilie monotremeti with the islenlates, lilainville (iSifi) 
tmtitraslerl the riiatsitpials and iiionntremes as IrnplacontaU (" Didel- 
phes"> ngninst the opdinary Haceiitals Moimdidphes Wliilo 
later (ISiiW) Cuvier still ajiproximated the inarsiijtials to tlie cariii- 
vons-;, hut in a distinct dirtier lictwecn the cai’nivort»H and tile ro<ients, 
and still reiainwl ihe monotremes as a trilio of tlie edentates, Hlain- 
ville (IS341 reoogiii/4id the niarKiipbls ami monuti-enu's ns distinct 
stilx-Iasses of maniuials and Itud proi>osetl the nuiiies Moisotltd phes, 
iJideljdies and Oniitliodelphcs, still largely ased by iho most ml- 
vaiioed of inmlerri (heorolognits. 

Agiiinsl the action of Cuvier in ranging nil the hcmfetl mammals 
in two fuxlers. tiie pachyderms (indiiding the eleplinitts) and the 
ruminants, may lai cited tlie phiiawphical ideas of Bkinville (IHlfi), 
who conilunod the same in two very diirereni orders, the Onguln- 
gnitlcs und the (Jnivigindca (elephants), and dihlribnlcil the iionnal 
Ongnlogmades under two groups, tlmse with unpaired htmfs (Tm- 
jjuricligitutes) and tluise with paired hoofs (Puridigitates), thus 
anticipating the classification of Owen and recent naturalists by ven- 
timny years,* 

Ctivicr’s (n-ntnieiUof theimiphihia of Linne equally cont rasted with 
maiin iile’s. As late as 182H the great French naturalist still treutev] 
(he laitrnchians as n mere order of reptiles of n singlp family, and tin? 
cnamd ilia lift as a simple family of .Saiirians. On the other hand, as 
parly as IfiHl Bhiinville had given subclass rank to the naked amphi- 
bians witli four orders, and also onlinal rank to tlie cnwodilians, and 
u ’ (j ) he ra iscal t he stikda sses to class nm k. Still more^ 

Blamville early fiaiii) reoogniged that die so-called naked sorjients 


n,!lr o ?■* Nuween rmler „„,i RiatnrTik. is iLt 

moMBET flic sys ematle iftlatloa of the njxw.rc <VhHn.mv<i or 

v *'VT ^ anu. In tlic Kurt erlUKsi 

of Hip Aalam!, ItiUTnosed It tiptwe™ the FlilnK-siqmrrcIs nn.i 

.lonauts ( tilaiiwiltc, on the contninf, a» rarly ns iSltl, aasotlntwl 

It wiiJi the ixjamm to wlilt:h It la naw anU't'nwiJy wmitaled to be oioat nwiTly 
tela The evKl™™ la coorluaJve, Was Cavl«- anabl. appreciate Sts 
fttmilficaaec ar wns he ton opinionated to rwaat a deiiTmliiattoa aacc ranuwlt 
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wPTi^ I me ituiphi biaiTbi iimi gave sintkfaciory rco^^oiis for lih as^^llmp- 
lion, tlitiiigli to Uie Inst Ctivier {182^* *) comEidereii them to 1 m? merely 
a fuiiiily of thc!- o|ihidiuii?L Blninvilio elflinimU lie huiiied his 
elii.^ificntiati oil aiiatoiiilcal fncts,^ 

A pupil of IllninTille, Perilinmid L'llenninier of the ishmcl of 
(hiftdeloiipe^ at the instunce mid following tlie lead of his master 
(tSi2T)t undertook Ihe etnnpanitive .^tiidy of the sternal iippanitus 
of birds and tlieit?by disoorered a key to the natural relailouship of 
iiiaJiy ty\ieM wliith anticipated by itinny yvi^rs the vieiT^ wow curix'iit/ 
Fur iiistaiiee^ l/Hermioier first roireelly ujjprei'iated the dilTerorices 
of the oslrichea and penguins from otlu r bi^s, the iliiTurenoe lauween 
the passerines and swifis* the lioiiiugeiieity of the foriiier, and the 
a (Knit y of Uie hiinimiug birds and the swifts^ Mean ivl die CnvierT 
like Li tine, was content to aireept as the biisiH for his priiiinry elassi- 
ficatiiju of birds, su{H-rlieial modifications of the liill and fi?ct (tons 
and nails) which k^d to many iinnatviral associations as well as sepa- 
nition^, ljut which novprtJiek^ss have lictai [lersistdcl in even to our own 
ilay hy jiiany ornilliologisl^. 

Now what could have been the underlying idea which liindered the 
forcJiuist ctimpanitive aiiniomist of liLs age from the nrc^ignition of 
what are n«w cOiLsidcivd to la- I'leineiitary truths and what enabled 
BiBiiivilIc to forge BO far nlietid f Cuvier nuiiiifetly allowed Idmsell: 
to In? iufiueticed hy the sentiment prevalent in his time, that systenmtk 
7.oologj' and eompandive anatomy were diffen^iit pmviiims^ It nifl\% 
indeedn, seem h| range to make the charge against the preeminent iinat- 
ODiist, thill lie failed 1>i?cause lie neglects'll anatomy, but it must l>c- 
come evident to all who carefully urmly^^ his s^qologiiTal works that 
such ncgicfit was his prime fault, lie. in fact, treated iioology and 
uhatoiiiy as diirtinct disciplim^^^, <sr, in other words, he iicted on the 
principle that pniiuals sliould be cojisidered independently froni two 
points of view, ihe supi*rlicial. fur those facts easily observetL and 
llie profouinl, or anatomitail rharadenc Bhiinville, on the contra rr, 
alnn^ht from the first, consiiiercd mdmnls in tbeir enLire?ty and would 
estlmnLi" tbeir n-hdions In* a view nf tlic entire c^rganiKation.^ Vei 

hi\f^ m\iX ntiatoiiiMnies et s^urtoiit ttreea Oe ta cotlH|iIeTFtt]iiii ilu erfuii^” 
Bull. KtL Ria*. l^nirciiL, ISIU, ik 111. 

*Tliu i.TJiij|<irLKKU Lti^tltaUil iH'iiveeu cttiT^er imO JtlalnvIlEc la morp than jmt 
Ut tlie fcrnier. Cuvier wpla ijot vIkU cld^^r ihau ltla!nvnie imt 

longer niaX Welter c^abllstii'il In pcl witific rln?le»; Lc knil a I fin ro<(ro control of 
videcitlfle uiati!rl!il nnO latKimtorVin; he roust nlfti tmvu knowro the anatorokfil 
tueli aa well no niolurlVIe- "l^e infrcreiii’i* between tli« iwo, tlierefon\ reauUetl 
frcHiu the roantiur in wliSeU ihvy iiseJ the fueiimes at luimt unit thi> Intcllectutil 
iNdwera they anrtli'i'S ni iln* muHtilonitliin the prahlems InvolvoiL W'hlle 
«un<-llinea iliirhir timri- ro-arly uii1lcl|inlnt eouclnaloni Jiciw naoptish iihiInvISle 
Ilia HP niTich mere rri^iiicnlly. If, iUm, nimlem hlohurtHtfi nre r!|sht, the umU 
who aiainaiclii'il iiean'>Mt to thiaii tuunt n^^-oniea pro umta as the auia^rlur. 




SmilMwiiirt ftiwn. ISOTi—^fL 


PkATt rv. 



Henri de &tAtMVfcLLE, 1777-185D. 







SniTttiKintih> Report SM3T —&ll 


Pl^te V, 



PitFOiE LaTheU-ll, 17SS^-ia33. 










iSY&TKMATia ZOOLOGY ^—QTLU 


4Bl 

thi? Bontim^^nt ih^n pr&vaknt was reflected by c>ne who enjoyed a high 
reputaiion for a lime as a philosopbknl »ixilogist ”—IfVilliaiu Swain- 
json* In Treatise on tiie Geograpliy and Cksaiflcation of Ani¬ 
mals(iSflG. p. 173), the author conipbioed thatCuvier rested hia 
dlstinclions * * * upon ehu-raeters wlikh, however good, are not 

always conipreheiisible, Moept to the anatomist. The utility of bis 
Hvatemf fur general use, is conseqiieni ly much diminished, and it gives 
the student an impi¥ssif>n (certainly an erroneous one) that the in- 
ternal, and not the estemal, structure of an aninml alone decides its 
place in nature-^^ It was long before such a misduevoua opinion was 
discarded* 

Cuvier w as regarded almost universally by hh contemporaries^, and 
long aftenvnrda, in the w'orda of his intellectual sueoessoc, Louis 
Agvt.^iz. itsI he greatest zotilogist of al] time.^^ In view of the facts 
already cited and innumerable others that could be added, however, 
the contemporary verdict raust bo somewhat modifled. Cuvier was a 
very great man of mo^t impressiye per^nality, wide verviatility, ex¬ 
traordinary iiidubtry, vast knowledge of Koologicul and anatomical 
details, an e.\celk[it bJstoriaiit a usefut critic, and of good judgment 
in atFairs generally^ but, although a greator all-round man, as a 
Ky sterna tic ^oolog^si he was not the equal of a couple of his Fi'ench 
contemporaries* Bin in vi lie and I^treille* We have either to admit 
this cijiidiii^ion or confabs that our now universally admitted views 
are wrong. Nevertboless, CnvierV work was of great iinporlance,^ 
and he first brought to the aid of systematic itoology tho now soionce 
of vertebrate paleontoiogj', 

crviER AVn rALeox^torjxiY* 

The animals, and especially the vertebra tea, of past ages were prac- 
liciilly tinknowu to the early zoologists^ and when tiiey had large col- 
lectionj;, as did Volta of the of Mount Boka* they identified 

them with modem species* or, with SdieuchKcr, might consider a 
giant salamander as a man witness of the deluge—*" Homo diluvil 
testis! ” It was not until Cuvier, with supenor knowledge of skektal 
details, examined numerous bones unonrlhed from the Tertiary knls 
about Paris, that the complete distinctLun of aninmlsol ancient forma- 
tioiifi from living species w'as recogiiizeih Then was afforded the first 
gUinpse of extinct faunas defined to far outnumber the existing one, 
bill so imperfect was tbe gm.t paleoutologibt's foresight of what lay 
in store for the future that he eniinciattKl a dogn:fca which was long ac¬ 
cepted as sacrosanct; he called it the low* of correlation of strncture* 


^ AgEsalH, ^ Esuigr on CliLHaiJlcatb>£i/' p. ssa 
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A i'lrikinjj' nml even nmusmg example of its exposition and iU failure 
I liiivo prvvimiflly drawn iittezition to- 

Trofessor in his exceHont Int™lnction to tlic Classifi- 

ciition of i\jiLnia]H^ (published in 1860 ), in his first diapt^r, ^M>n 
Cliissific^ation in Generalconcluded o consideration of Cuvier^s kw 
of the correlation of structure with the following paragraphs: 

CEiTjwr+ Uh* juojtp acn lle of whose LnilLiitors nre fond of clttui; hla nalatafeon 
dwtrlneif an to tlio nature of tJie oietbods of tlie ^onelneJJoan 

of lOide aoil of commoa leDsOp has pat thin so stroitEb' that I can nut refrain 
fmaa anottnji hln wordP.^ 

But 1 doubt If anyone would have divjaeil. If untaught liy ^j^escrrmtlun, that 
alJ rtitiilunids Imvo Lbt? fool elaft. and thnt tht=!y alone hare It. I dutibt If any- 
ouL' would liave dlvJj!€Hl that there are fmntal honsa^ only In tliia elas®; Unit 
thoea? nmonp thorn whlijih tui\e MJiaqii enninea for the niopt pdirt lurk bornp. 

UwCTiT, aliiL'e the^' relaMoufi are eouataiU. they meat liave some wiflJrlent 
eanw; but jsIulv wo are ii^tiofa&t of U, we muHt wake the ilefeet ipf the 
thiM»ry by menus of Qhai.!rvatlciu- U etiuhlos ui^ to etttablJaU eniidrlwiJ hiwit whteh 
liec^ime almost as oertAln as ratloiuit lawa, whon they rout on auUli-leTktly re- 
tienEi‘tl. obsorvjitlonn; m Umt uuw, whoiso sons luerely ibu print of n cleft 
I foiirchuJ foot tuay vzotieludo that the aulnml whleb Jeft this liuprosilou ruml- 
UAted, uiid tlilii L-onrUiahin ua certnln ns auy other In physlrs nr tnoraH Thta 
fwiprint aloni.% theo, ylrfda tn him who ohstvr^i'M It* the form of the teeth, the 
form of the jawflit the form Of the vf>i-iehrw< tlie form of nU the hones of iht 
loi?s of Lhe thli^ha, of the ahohMers^ and of the iiekts of the aalnial w^hteb ha« 
poissed hy; It Is a surer njark than all those of Zudig. 

The first pornad of these remarks would occasion surprise to <%ome 
and iiiiiuediately induce a second, more careful reading to ap^::miu.iii 
whether they had not been inisunder^"tootl. Men niuch inferior in ca¬ 
pacity to CuWcr or Huxley may at once recall litiiig exceptions to the 
pot^itive stutements us to the coordination of the ■* foot cleft with tlie 
other characteristics specified. One of the most common of domei^ti- 
eated animals—the hog—may come up before the “ nihuVs nye/’ it not 
the uftual eyn a I the moment, to refute any such correlation ns was 
claimiHl. NevcrtlielGS^, notwiihhtanding the fierce conlroversfLul liiera- 
lure cenlcnHi on Huxley, I have never seen an allusion to the lapi^e. 
ji\jid yel eveTjonc will adaul ttmt the hog lias the fewt cleft jiist 
m any rnniinsmt, hut the ^ form of the teeth wnd the form of some 
vertebra are quite different from those of the niminonts aiuh of 
course, I lie multiple stomach and adoptatioii for rumination do not 
exist in the hog. That any one uiaumialogist should make such a 
pillp is nol very surprising^ but that a second equally learned should 
follow in hh steps h a singular psychological curiosity. To nmke the 
case doarnr to those not well acquainted witii inamnials. I may add 
that t/ie fe^l an; chf^ in name Tnattiicr in the bogs as in 
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the ruTninmiits" bnth gnJU[>s liave long Ixj^^n ns^^Jciated in the same 
nrtkr Hjuler the name Pai-idigiiates or ArtiodactyleF^, contrasting with 
anothiT (comprising tlu' tupit^, rhinoccrotids and liursea) called 
Imparidigitaies or l*oTisH<Hkclyle^^ 

1 m?etl ijuttrceljr add that the law of correlation applied hy Cuvier 
to the structures of ruinimuits entirely fails in the citse of many ex¬ 
tinct niatuiuiils discovered si nee i'uvier*s days. Zndig would have 
been opm|iletely nonphissed if he could have seen the impriut of an 
AgrithclurruL ii Uiiitadieriid* a .Menodontid, or a Chnlicothcriid. 

Tiic value of this law was long insisted Upon hy tunny. aSoine of 
the beat anatomists, as Blainville, protested againat its universtility, 
hut one who raliferd with Cuvier in skill Jiud kticwledge of auutoiuy, 
Ifichnrd (^werij long upheld C'livier's view, Yiui may be awiire,’^ 
he wrote in iS\X ^ that 11. F>e Blninvilk contends that the ground— 
viz, a single bone or articular facet of ii bone—on whicli Cuvier 
deemed it jirfjssihle to reconstruct the entire animal, is inadeqtmte to 
that end. In this opinion I do not coincide."'’ The many mistakes 
f>wcii made in auempting to apply the principle t^roves^ how well 
Blainvilk'a cuntrary opinion \vi\s justified. 

The numberless remains of past aniuials, e.vhtimed from tbe many 
formatious which the animals tlieniselves distiuguished, have enlailcil 
constant revisions of systems resulting fixmi clearer coinprehensioii 
of the development of the animal kingdom. Such revision, tooj 
jjiiist continue for tunny generations yet to come, 

CLrVIKR A NO A .NATOltY* 

Tilt? failure to sufficiently apply anatomy to systematic K 0 olog 3 - 
was especially e^emplifiefl in the treatment of the fidiea which ab¬ 
sorbed so much of Cuvier'S attention in later years. He, as well ns 
his o^^ssociate, gave accounts of the visceral auatotuy nnd was led— 
often misled^—to eonclusions res|}ectiiig relLitions by his liissectioriH, 

Tbe on Jr (wwaatifll 4nffen:>fijGV tn.aweon the foet ef boffs ^iUil otiUnnry niiaj- 
iiaatis Ik of lii the U>uvuliiij>aiCiit nf tbe tateraJ hiHiUettfC Tlierc Lm etery 

fp^ulntbiii iimLii]p: thu ArtlLKtaict^'h^ aait exUnett lH>tweeii Camifl tiavlcLi; 

I be JateniJ hoittn atiej-Eefl uiul thi5«c witli jill UQVelo(l<^(] iiuU accuiubcnt on the 
ground, aa lu tlie lilri>oeDtiiUkUi!i. 

iluiJey IiilU rrevlourily, la IS.'HI. in an nttlcle '"On the oiclhfbd of 
tialf-iKy" (AnnalH anil MiEjsiissbiu fif KntuniT ttlrtor>% Ikl *erl«v voL p, 40)^ 
rdUed ntJeatlua to ibu mi^rnklu of curler ^ lie itiiotHb in Fr™ch, tbe iwasBast' 
bon^ n^ntleml la I^lnifUshp nnil dUUinL: *" I tbut* eonEddetlnR the Pig boa 

^1 cloven rfa>t. and doea not rLiiulimt4.v the tout aBaariion nupcar^ to me to Ik.- a 
little idrcina. Uut my i>tijeel la not Tfi erlllciBe CtJvler;' etc. Apiriircntb' be 
had fonoitteii ihe fiRtJs, hnwctcr, when be wrote the Introduction referred tiA 
^ Uw'cu, Ahien Jount. Seb and Arts, KJ jV, lS4a, 1-S&, 
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btit he failed to receive eolightenjiient by exaniination of the niimer- 
HkeleLcnN tie hat] rnuile. Those skeletons, pregnant wiHi signifi- 
cance for the futnrej had no meaning for Cnviet; he never learned 
have In utilise Uiem for tlie lishis as he did thof^e of the inainiiials. 
His colleai^ne and Vnleneieiiiies. in the friijat ^ Jtistoire 

Katui^lk des Poiaiioiis/' was LH|iiulIy iinappreeiative of tJie Jnifxjr- 
laiiee of cam punitive nstcologj' fur eomprehejjsioti of the muttml re¬ 
lations of the groupti i>f fisJii!^, 

t:UVIEll"s SPt'CEiifijOliS, 

Tlie siaiiip defect in method or logic that characters ml Cnvier*a 
work was tniinifestef] hy hLs gvi^ni F^ngliidi succesiiar in raitgi^ €>f 
kjiuAVledge of Cfimpsirntlve tiiintonij, Richard Owen. His families^ 
for the most part, were llie urtifiria] u.^semblnges brought togetlicr 
by ziMdogistson account of sii[>eriidnl chanicters tiiid Um often witli- 
otU rigorniLS alteiitjoii lo the applicability of the ehiiracten^ iiHsipiitsl- 
Much hetter As^ns the work of the gniUtest nsitiiriilist. of ull^ Johannes 
MfiUer, who udvuneed uiir kuoudedge of the systumatie relations uf 
all cltiirses of vertebrates sis well as iiivoHeljratcs. But ail were [in- 
able to tlieniKt'ives from the incubus of the piipnhir ideii that all 
htiLJudiilcrous verteb rates formed si tin it lo he emnpared wiili htisls 
ami maintiiids. Several projio^ilinns to segregate, us classesj Ani- 
pliinxiis nmJ the cliondnt>pterygians hfid Iwon madCr and Tjouis Agiis- 
ftiz deser\^e& tlie eredil of claiming class value for tlie inyKcuits or 
luarsipobrancbs as well us the soladiians. Ihit it was left to Ernst 
Haerkel, a pupi] of Muller, still happily living, to divest himself 
entirely of uiidejit pi'ejiidjces and uppreciale the iiiterreiation:?^hip of 
the primary sections of tlie vertehrate bruncln He for tJie lii>t tiine 
f (18GGJ Rot apart the amjihioxids in a group oppii^l to all other ver- 
'tebmles, Ujcij dockcsl ulT the niansipobrancha fr?Ji!i all the restj and 
eoilccteil the classes generally rccoguizeel in essentially the same man¬ 
ner ms hi now prevalent. We may differ fnmi Hiieckel a±i to his 
classes of fishes ami dipnoiiiis, but his correctness in the fictioii just 
noticed will be coii(!edecI by inostt if not all, systematic Ktjologists 
to-day, 

KMianoijoaY. 

While Cuvier was etill nourishing, a schcad of in vest ign tot's itiLo 
tlie tlevelopmcntal changes of tJie individual in iliffereiit claiisiLs^ and 
uruong I hem the vertebmtes, was uccuniulaling new material which 
dumld lie of use lo the systematic v^xrjJogist. t'hief of these was Kjirl 
Ernst Von thter. In various luemoirs et seij. 1 he Hubji*:cte<J the 

major classifk-at]f}ii of animab to a critical review from an embryo^ 
logical point of vicAv, recognized, with Cuvier, ilic esistenee of four 
JLstijJct plans which lie culled types ami chanietcriv.ed them in cm- 
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br^'ologictLl t^TmB—£}Jolntw mlfatiu Kvoiufid^ contt^rtu (moUui^kjj), 
AvolniiA geminfi (rtrticiilatt.*?^) and tvohdio btgtmina (vertphrnLes). 
The liisi werti siioces^ivcly diifer^ntialed «n agtjoiint of the enibryonii: 
chiing^jH from the fishes to tlie inatniimbp The=e Boitriige,” l-rouk 
AgnsKiz justly affirnitKh the papers in which Covicr chunicter- 

ized for the "first tiaie the fimr ^reat f^'pes of Ihe utihiinl kingdoiiu 
lire among the most iiiip>rlant LHjntribiitiotLs to gencrul isoology ever 
piiblishecL^ * 

One of the most notable rcsiilt^iT ^ fai' ns systematic zoology was 
involved, was ihe iledoetion form! on Kowalevsky bj tits imeiaiiga- 
iifin of the emiiri-cilogy of tuidcates, that those animals^ long iisso- 
eiateel wiih ncephulous molhisks. were really degeueniLe and spoeial- 
w.fHl protovertebrnte^L Thin view early won general acceptmiee. 

Wlule embryologi" was very suceessfiilly used for the elucidation 
of systematic zoology its facts were often niisunderstood and per¬ 
verted. For instiinee, tlie cetaceans wen!- regarded as low l>ecai]se 
they had u priuntivc tishdike forni. althongh it must U* obvious to 
all logical zpologsiJU of the pre^nil time tlmt they are derived a 
r|Ondruped stock; ^rjiiikes have betui als4j regarded us inferior in tlio 
scale bet-ause no Icg^g were develope^h ah hough it would lie now con- 
^.I'dcd by ever}' instructed herpetologist that they are disceodants of 
fcKited or lizard-tike reptiles. was consideiTd as higher 

thaTi Ptdrom^Bon inasmuch as the division iif tlie li|M^ indicates a 
tendency toward a forinalioii of a distim'-t upfser and lower 
tint w^ nov^ know that is? the larval tonn of Priromf/sofu 

i^till more pertinent examples might l>e adduced without ntimlier for 
the inferior systernal ic grades, oitlersT families, genera, specit^, elc. 
Tlie words high mid low were iisci:! when generalized and specializc<l 
were really metiiil and those words* pregnaiii with mischief, often 
leil their users astru}’' as well as the students to which they w'cn? 
add rested. 

vinuiaopinc.iiL kooixhiv. 

As knowledge of the varioiia animal grmips iiici-cased and countless 
new species wci^ pibi^g up, yenming arose to discover principles 
underlying the enorniuus mass of accumulating details^ and the ex¬ 
cogitations of various natunilisls resulte<l in stmie curious specula¬ 
tion and expiTssioii in class!ficiUory fi>rm* Tliey chilled their out¬ 
pourings jihilosophy or plulo,sophical mology^ and philosophers tliey 
were calle^l by others. 

Home of the i>hilosophers gi-ouped animals according lo fsUpposed 
degrees of nervous sensibility;" some anrordlng to the relationi^ of 

^Lemarek rcmieiiaeil far three categories of aaliunla: il ) Aijiitljctle 

aiUnmts ami {lili aonsltire nnlajjaI b nmong the iaverlebrutet?^ uud ^3) latalLlgent 
dnluinla, equlviiliaii to the vertehmiea* 
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imr\s Ut A cvntvv nr iin sixih;* s<rnu* under gnmp^ supposed ta corn?- 
sptHtfl witli difTejTJil sy^-teins of the liofly,, as the iiliJijentnry, tJie vjis- 
(riilar^ the jx^spirntoryf tlie skeletul iind the museuhiry* and some wan hi 
urrord to each of the isenscs definite groups,^ 

Piqiifllly. if not move extravagaTit, views were entertained bv many 
inUiinilists tliut erealive pawer doligUtud in Hie syiunietry u{ nuiu- 
uiid hi cii’ciitiir urrangi'inents,'* It was «mien dot] that all groups 
of Einiuitils represented analogous groiij)?; in siicrtrssively diniinisliing 
chtles; that in u i^erfetri Kystein tlieitr Avere a definite number nf suh- 
kingdimiii, an nntriber of classes in each subkingdoni, of ruilei^ 
in each class, of suborders* of families, of genera, of subgenern, etc. 
Some taaiiitainetl that three waa the iTgnant numiier* others iiphehl 
four, otliers seven, but liic most nuincrmi^j and julluuiitiiil school loti- 

“ Bin turn le nSlil) erniKiHCtl to ilte miltual tliii'Uaui Into tlion^ suh- 

kiiiiriloiijK; (l) The Artltiniorehi.^ a blJateml fcirai. (2) tJii^ Aettno- 

iHer[iUrT4, hnvlua ii rAilliile funii. and (li) the firturuuiurplu'a (u^lnLv f^i^sugets 
a Ell] rrutijKOiniir), liuvlnA an lmi;Tj]rtr fiirni, 

^Oken (lS02-lS'f7> pirc oxf^rci^lihEi ipi hl^ vnrjrJnfi %Ipwh In wiTcnl 
LhiNiKriealloiia. Id one v<^heiue nUy^lHPiiIitlruHuptiy. EJil ot Iik- 

plnlmiHl Unit then* wetv nie '"clixlea"" eeirespoEidluB with tliu 'Vantniul hjs- 
tetijs;" (l> Intent Uinl an Inin la (Umtosuai aud ItncUilteH) ; 12> A"nj4i.nilnr. pesnul 
tiJilEnarK (MollEiBka) ! (SV Reflidtntorj’^ outnaeoap aiilnirilH S Artli'tilatea); t4ji 
nnlnmtft (ViTtetinites escciiT uaiimiailM). and AMlieseexoa. or anl- 
Dinlawith 111J ■ • * onains of anise jPerftKllT lievelojji^ (nianiiiititKl, 

^ Okon iimlnlflltTi^I (1 " Unit the anLuial elasneif are virtual ]>- xiifiIlIii^ 
elw? Hum a rei-njaentHtion of the senw? orenns. and lltEil t\wj niuat 
ill Dccordance wUh fboiu. *rlm»p strictly mieiEkinj^^ t]ierc are only live dMttulii 
eliiswc-14: Lkifinsi I n%i.xn iskln or toncli anlnmiM), or tlio Jiivcrtchrata i Giustirj:^»u 
(tcniTEie nnimutHL or the * w m, RjiSnojpfjfl anlmnlsh or the 

rofitlEeii * ■ •; Otozoa ^isit nnlnieilB], of the hlnls; OiiliUmliaoi^oii (eye 

uni bid In I, nr I he Th^^^M5oa CiuutDinii]^} * • „j] TesseUUivt^ 

jiyal etiift nre miburdliune m llie tegtiunent or jzeiiernl mnse of feel bn. the Th^- 
rtiateujfi divide Intu Just ad nmny or eem-AiNouiIIng d^vtiitoiiis which on ai.TEnxnt 
of the iiuunlUy of iheir coutenK nmy b« for the sake of miivenlein.'e nlm 
lemittl clntirtea,^-—liken, El. rh,vfS^>rliU«6oiihyp 38-17. ik xL For the manr olUer 
nwmnjpltiiiiii lat ilmlliir arnl dlven^-nt linen the reader innsl retpt to the KU- 
menta uf I'hjrtloplillosophy^ (1847), 

^The Hfyie of ii rKunientntlcjii hy the numher phEIosoplierti Imd Innij lieforo 
been emnlEsj ed u conlennHirmry and aAlARDnlat of Uameo. wUu print'll* 

lo his fiwn da tlarhctiau* (hut fhrfe eon Id In* no more Elifin a;<veu |i lands. The 
IneonHeiiiicnUnllty is remarkiihle, "^Ther^ are mvm windows alven tn nniinais 
In the dotdlrllo of the hvmV thnm^h whkh the air in mlmltlcil to the tahemnelo 
Ilf the bfhly, to enlljUUen* (o wnnn. aiul to nourish it; whEdi wlmlows are the 
prldclial iwrta of rile mlcrixynmi. or little wiwU-lwo uwtrlts, two eyes, two 
earn, atid one mr^ath. So Id the heavens, aa in ti lEiacnxxiRnv Or gr^-at world, 
there An^ two fEtramlde stnr^ Jnpik^ ujid Venna: two unpropUEona, ilars nnd 
SiKnm; two lumlnarh^, the s?An ami the Mood j outl mreun^ aloEie. undecJildl 
atul lnillfferE?3it. hfnai which, and from many other ijhenoiiieiia of ualtirt'. ancli 
AH the »voD medals, etr., wliTeh It were tcdione to eniiDieniie, wo gather t\m% 
the umiher of iihinet* Idf iteeu^Tlly^ ».vtii » ijore foUiiwa of like tenor. 
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tended for five. Exactly wlmt the pltilnimpliers iliought they mcmit, 
or wbal stningc visioiw they may have conjured up may never be 
known. But for a time (lS2ii-18i2} lUe of (imnirituia, as 

they were callwL cbimed most of the iiatumlisls of Britain. The 
niiwt zealous of the school (William Swainson) was eaijetklly dis¬ 
pleased with the deveU>pnieutal hypothesis of Lamarck and diarac- 
Icrized the '* Bpcculntioiw " of the great Ercnclmiun ^ not merely as 
fanciful, hut ahsolutely absurd.” 

But it was the much-contemned hypothesis of descent a'ith modi- 
Gcationa that was destined at last to relieve biological science of the 
wild ami irrational speculations and claasificalions of the nature- 
phi losophei-s. pbysiophilosophers, circularians. quinariatis. trinuriamj. 
septonarians, and their like that fltmrished during the first half of 
tlie past century. 

t]KVEU>i':ii esr theort. 

jVLthough there had becu previous indications of Iwlief that Irans- 
mutalien of s|jecies might have Ixxui a caiuse for the ilivcrsity of 
nniniRl life, dean Baptiata Pieire .\utoiue de Monet de l^simarck 
(ISOh) first framed a UyiJothesis that had a logical basis, although 
weakened by unproved iMWtulates. In view of those weaknesses, it 
was easy tti bring forth many facts that seemed to militate unamswer- 
ahly against it, niid such were well put forward by Cuvier; as the 
hypothesis, too. was lery unpopular, it was for a long lime stifled. 
In the meanwhile geological and jialeoiitologicul investigation, com¬ 
parative morphology, pliysiologj^, embryology, and zoogeography, as 
well as Ky!*tcuiati(; zoology, w'cre revealing iiinnineralde facts that 
jHUiited allin the same <1irection and were oiilj' explicable collectively 
by the ussiimpthm that they were the result of origitial comuiimity 
of origin and subsequent deviation by gradual changes from time to 
time. The. facts were nt length colhx'iited with extivioe skill by 
Cliarles Dara'in (1950) and n rational explanation of tlwir evolution 
by nii'Hils of natural soleeticjn tuade tbe new deiv>lopiiieiii theory ac¬ 
ceptable to wetl-inforii)e<] naturalists and logical thinkers geuerullj'. 

SEQUENCE or OKOl'M. 

It Iiad been almost the universal custom from olden time, as well 
ns during the Linmean era, to commence the enumeration or cata¬ 
logues of aniiimls with the forms exhibiting most analogy with man 
and cunset|ueiitjy the highest in the scale of organic nature. As long 
as s[H'eies weiic assumed to be individually created this was perhaps 
tlie most natural course, and at least had the mlvantage of proceed¬ 
ing from the comparatively ktmwu to the almost iiiiknown. A sig- 
iiiticanL and noteworthy exception to this mode of pitjcedure uniong 
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thfl old nfliuralifits was iiffordfti by Lnmarek (iSOO ct «q.), the pre- 

“f of the mod- 

that thm had b«.n alwa™ a 
wa^fT^i " from antecedent fomu^ n«itiii-s!lv ihenj 

fortiis v.etv taken as the mitial ones and followed by those sucoeasivelv 

r„™l ? ^ *"""“'“ P'" ™ “ ""'■I', it »"» «ft™ 

series hjid Ij^n aetermm«l on, that series was simidy reversed in 
orxler that the Jnghest should be the first and Uie lowest the Inst 
Jre tesl-boote of y.oo\ogy still have this charncteristic, but 

mg rapidly replaeal by fJiow exhibiting the phyletic series. 

tliRi If ’ t mvestigHtions which led him to consider 

J.« ifo] '.‘TiT '"’“"“'“'“‘'it “11= «ri'™=it' 

^ iwii tl" »'i"n»ls thus (lo-elnpod soareeW 

Ihu siinoic Ini'l’l”!"* WnB'lom ®ns limiloil la llioni, ivliih 

X ^ tL„ tl» af „,i, i.,„ 

kSrend t ■“" f' “''' “““PtiM. tlie »ni»5 

The CSlMitlh”? ” the aalWtive ,»„» „£ 

(Meueae, £„, rl'lSi:: “* 

OBAOCAI. UELtHiTATIpN' Of (iESi!S.\. 

exwfv'^! “‘>"“1 ett®™ ot OnnS wra nostlv 

""“™‘ Stohl- •» '-.i- 

genem appj-oximatel^v pre^nt commenced and appUed at 
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different times to vurioiui clussesi. It is nolewortby ilmi in some 
instnnccs the niitliorH of tins new genera quite nhniptly eliaiigetl tliclr 
minds regnrding the tiuturo of sKcIi groups. For exam pie, Laeepikle, 
in 1798, ill ihe closing lecture of Uis course tit the Museum of Xiitural 
History, recogniswd only 51 generu of mommiiK hut u few montlLS 
bter (in 1799), in ii ‘Mublcaii.” admitted and defined 84 genera. 

[t seems to be generally fiiip]> 06 icd that there hiis been an uiiintet- 
rapted leiidency among xonloglsls to refineiiieitt end inclx^iiso of 
iininlier of genera to the present time, hut such is hy no means tlie 
case. Half a ncnt nry ago and more some ornithologists suIxHvided old 
genera and made new ones to nn extent to which none of tlie present 
time is prepared to go, I'or example. Charles Bonaparte, Prince of 
Cttniiio, required eleven genera of gidls to include those now i^jngre- 
gated in mu'- About the same time, some lierjietologisls were equally 
radical. Ijcoijolil .T. F. J. Fitziiiger, in 184:1. distributed species 
which are now cutiibined tjy all in the genus ^luofw among tio less 
than fifteen gcnciii. Tlic gemis fiufo^ ns now* iinderstiKal. was split 
liy some herpetologista into a dozen or more, Tliiii-e are only samples 
of n nm lw*r[flaH atmiogtilXi} ctise^. 

TT!E aiJl ANU TTTR 

A oontpariflon of zonlog^' at its i^nwn with that fif the 

pixssent Uuw is mlluM' ii coiitmiit of ilifferiMit themes, 

l^he old hntut^lisL^ Ix-lieve-J thcit nil H|ieeipf^ of animals ct*catcd 
as such by a divUie fiut; the mofiei'u cjoimder that uH animals iiiTi 
derivatives frcini fot*mcr ouc^ ami thiil their differences \mv^ been 
aef|uired diirinj!^ descent tmiJ dev^ilnpnumt. 

The Linna^ns based iheir systems on supcrfidal elianicterisdcs^aiid 
the moderns lake into consideration the entire iiniiimL 

The enrty systematise assumed that chanicterv drawn from struc¬ 
tures nr parts msKl useful to the animals were the liest guides to the 
relationship of the nnimals; the latest ones have learned to dLstrusi 
the cTi'identioJ value of similarity of struciures unaeconijninied hv 
similnrily of all parts. The former were guided tiiainly by physio¬ 
logical characterai the latter take morpholagical oiic^ 

The Linnreans eonfined their generivlistations to few ciitegoricst— 
genera, onlers, the modems exhibit the manifold nxodifica- 

t iotUf and cciordinatmrts of all structijml parts in. many categories'_ 

genera* nubfamiliet^ families. supcrfaTuilies and various higher 
groups. 

The old nfitnmlists believe<I mom or in the ejclstcnm of a nsgn- 
lar chain of beings from high to low; the new ones recognisse the 
boundless nmiifications of all animal stocks. 
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Tho elders iLssunied certain forms as higiiest iijhI ranged tlieiT fieries 
from high to loir; the sons commoner their aeries the most gen- 
enhlised types and progress from tho generalijied to the more spe- 
cialissed. 

PnOfl l'RrTtt A NO NEsns. 


In numeroua old sr sterna tic iiud descriptive works—but in man? 
cases not very uJd—the skeleton niul other ntintoniical details wore 
noticed in oontiection with the species deseribed, but not seldom some 
of those detaih>, if rightly interpretetl, would lie in contraventioii of 
tho classification adopted. In fact, tho anatomy was to all in left ta 
and purposes irontod as an otTering of curious bnt useless infuriimtiori. 


.Such conceptions, happily, are mainly—hut not entirely—of the past, 
iind W8 Jmiy live to welcome tlie day when everj* aidniol will Ikj 
I reatofl as whole. Systematic zoologj* will tiiciv Ins regurded im tho 
espression of our knowledge of tho etitin; structure mid ss an at¬ 
tempted equation of the results obtained liy investigations of all 
kinds. In fact, s3‘stemati(! smologj’ is simply an attempt to estimato 
the relative importunoe of all stmcttiisul details and to correlate them 
so that their relative values sliall bcNSome most evident. It is tho 
scientific outt^ine of all anatomical or morphological knowledgi* and 
the uijii is to arrange llic animal groups in ^icU a mnnner as to show 
best their genetic relations and Uie successive steps of divergence 
from more or less generaliaed stocks. 

One TOnsuiiiinaLion devoutly to In; wished for is general acceptauce 
of ti standard for oomparisem and the uso of terni^ with us nearly 
I'fiual valiicfi as the circumstances permit. Tliere is a great differ- 
ente in the use of taionomic names for the dilTcreiit classes of tho 
animal kingdom. The dilTcrence is te-pecially gnsiit between usage 
for the birds and that for tho fishes. Pen- tlie former dims, genera, 
families and ordera are based on characters of ii very trivial kind. 
For extimplo, the family uf Turdidte. or tlmislies. relieved of formal 
vcrbinge, has been distinguished fix>m nriiglilwring famiUca -soldv be- 
catiso the young have spots on the breast. Imt even thia'dLstinction is 
now known to fad in .some instance?. Extremely few, if ,mv, of the 
fiinulies of osdne birds are has(d on diuractora of a kind whieli would 
S' regurdwl aa of family val ud in other classes of vertebrates. (>ri tho 
other Imod, many of the families and genera of fishes are made by 
some e.v«llcut authontira to indode types i^parnted bv striking 
periiliantifc of tho ^.kdeton as wdl as the exterior, '['he mammals 
are a do-^s wW> treatment has Wn mostly iutermetlimo Ixitweejj 
tlia for the biHa and tlint for the (islus. Its dividooa, inferior as 
*.lt ns wpivW.., I.„„ „„ d„n,cl«rs 

» gmsito «,„« U,.„ for .llirr d««. !« n,„te„fo „„„ 
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ouA anJ rinaliiieil. Mammalogy' might therefoiv well l }0 iicctoplfid tus 

i^tiLndard for taxononir, and tha grou]):* adopted for jt be Imilfttod 
ne nciiri^' Uii die dilTertng conditions tviU aclmit. Tlio fAmilic^s of 
tjirds would titen lie much reduood in tiiunber und thoec^of fitihes it:^- 
c;reiisetl. ^VJt the octive licrpctologiiitH and ichtliToIogists of the 
United States have sulibrilitinted their own Lioliels and ideas as to 
what would Lave been most desirable, to a greater or less extent, lo 
iippftixiitiJite the desirnhle reduction of the tenns adrnittetl by them 
to » standard unifoim with that adoptetl by maiiimu1ogi.HtM> If 
others would likewise sacriUce their own predilections, the InmentAblo 
inc<iuiility of usage now prpvnleiU would lie mneU less; such congi'iiity 
w'ould be to the great advantage of coniparatiTO tiixonoiiiy. 

In these days of extreme specialibation one of the gmatost needs 
in our universities is a profcisor of sjstematic isoologv' with whom 
conference may Im* held us to the propriety of any fiystematie inodi- 
hcatioii n>suhing from special irivcstigntion of the anatomy of any 
organ or pirt, or of any group of animals. *Sui:h conference iniglit 
prevent the publication of 'niany propositions dtie to exclusive eon- 
niiloratinn of an isolnied subject. Perhaps tlic designation of soi’s- 
teraatic morphology might lieltei- indicate the nature of the suggested ' 
course. The ennsuramation, however. It must be admlucd, b more 
{lesirable than probaidc. 

I halo iiitciitioiiuHy refrained from any consideration of tlic work 
of living zoologists. If I had iindei'taken this, the task of selection 
would have lawn very iliiKeuU, and at any rate the time denuiiulLHl 
for proper I'onsidenitioi) would have lieen much more than that requi* 
sitH for the remindur of post dbscoverics, Tlie progress of systematic 
zoology' during recent yenhs has been in ucceleraterl ratio, and not a 
few of tliosc whose uchievcrifents have helped to pnl, Koology at its 
])resent level are hi Boston to-day. It la from the summit of the eltv 
ration they have enabled us to reach that we look back to tlie deeds nf 
old masters and can deteniiine, better than their contemporaries or 
immediate stiecessor^, their relative merits. 

IXdTF.—The iiQuu' *• Untie " has hecn uii«l Iwcniise tt was the one that Ilia 
HUtlMw asHumed In the last (12th) ajltion nf his ptunt work. The tIUe 1 x 11:11 
lus "Cammj a Ijxsft. * • - SjTttemji Xntumf" ete. After he wns en- 

iinhled (1701) ho ilr(,;ipcd the Lotlh fcrui mid tvstiaicd the veniaeulnr with tha 
addltlmi of o or it'H.] 
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TirE GEXEALDfJiCAL inSTORY OF THE MAIUXE 

MAMMAJ^S* 


By Prcpf, i>. AiAftiL* 


The old Kflrvregiaii *^lvin|2f^a of lliu Ihirtecintli tientuiy 

eniinieraU^s ]i of whale.s of ix»niinert;iiil iiijjTOrtinice, mtionij wlili-li 
vpo cull rccogiiiite with certuiidy no less than tliirtecti kitidfi. W^dlo 
it is true that in thin work correct ohservatinaisr arcs with 

firrorieoiis traditions^ it nevertheless, one of the most valnahk 
rmeiiml history dm-timents of the ^Sficldle Ages, unhampered by preju- 
diceus and the hiinleri of aiilir|ijaierl learning. 

How greatly lias oiir knowdedgo of timriue maminab inci^ased 
Fince that time, ancl how ntiich havQ our views regarding them 
chanp^d! Knowledge in this field has increased extraonlinarily, 
especially during the second half of the last cenhin\ Although 'iva 
have liroTight it to so great porfection compared with the KitigV 
Srimir* lie vert htdes-s^ we fdiU nieei tn-day with fals^' ideas regarding 
nmrini^ mammals and their origin* Step by step we have brought 
ourst‘]ve^ ro perceive that the iiru’estors of the whales, of the sea^>ws, 
and of the seals are to Lie soiighL among hml mammal^ from which 
the different branches have l)oen adapted independcnlly for an aqiintie 
life, and havo developed separately, 

We have approached nearer the soInUon of the problem of the 
origin of marine mammals in ililTerent wnyR^ The first wa« through 
the investigiitiofi of embn^os, for the purpose of finding imeient 
characters iiiheriliHl from ani"estors;. The seeorid way wjis bv^ seek¬ 
ing llinnigh comparison of the organs of miult animals to reiidi 
i^nctnsions rcganling their j^idationship and derivatioo. 

The direct evidence of the ancestors of living nnimals in the geo¬ 
logical strata will, however^ always lie of decisive signifiaiiiCfO* The 
discoveries made in this field in late years have been so unexpected 
that the time seem.s favorahle for rendering the present state of our 
invt'frtigidions netTssible to a Iiirger circle of readers. 

As n pn'limimiry,, we shall make a brief surv'cy of living niariue 
niomnials, ati<! ufterwarcLs LoOHider llietr hifrTory mon- in detail. 

liy iri niilriHraii, frc^ii **Berlin. J isjr^ 

Heft 4. 
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1 . Ln'iNO SIaritte Masisials. 

1. WHAim 

A. WHALEUONE WUALES. 

'f'hc wbalebone whales are not only tht giants eunong living ani- 
maLs. but without doubt also the largest marine unimals tlint have 
ever lived. No marine animnl of tbe past bna reached tins longtli of 
the hurl hern blue whale (or siilpbiirbotloin, fiatai.noptem 
L.), which att&uis 23 U> 30 meters (82J to 9S| feet), (Fig, 1,) 



Kl«. l.—Blue whale, or 8utptintli«M0« (ttnliMJQptera looicyltM L.), tCTSth .tenrhea 
:t(l flielEli |»S| reel j. AFIrr V. W. True. 


Fimt family, right whaUa .—'fhe best known reprcMfntalive of 
this family is the (ireenhiud whale (Arctic right w'hnlc, or Imw- 
head), Batifiut myniicttuH L, Among the niost reinarkahlo clnir- 
HCters of this clumsy animal, ivliich reuches u length of 20 moters 
{631 fei‘t), is the enormous head, which iilonc occupit^s one-third 
to two-fifths of the total length. Tlie flippers are short, broad, and 
five-fingered- The whalebone is very long and may reach Uie 



f3r.L. :t—Cji4:l-f«rni'lA CtraST whntp l IthichUluMMcfl xiauciiH Ctaptiik. iTk 


extraorf]ini>rj’ Irngth af 15 feet in old nnimAls. The lielly b^atitircly 
hfnuxrtli, und tliL^re k no fin nn tlie bncke 

f;mt/ whales.^Thl^ family m re)ire.^nt(?i1 only 
hy the Califotnin grciy whale {lihachiane^t^^ ^Jauettg Copo)^ whieli 
4>eciipjKs a poenliiir pcusition betimn the right whales^ 

and the finhsieks, or rott|iiBk, It k nearly as long tlie iKivvlienJ. 
buL the body k more skmler and the head is ^alL (Fig. 2.) The 
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pocioi'LiI fin, or fliti]^er, in lon^ iitui narrow, and has wiily four fingers. 
There are but two furrows on the underside of the body. 

7'Iih’d rffr/fuatu ffn*'/ fiHm-phackii),—‘'ro tliLs group 

belong the gigantic blue whole, nr siilphnrljottotii, previoiiidy meti- 
tioticd (fig. J) t the Inimphaek {Meffaptum uodom Bonn,), IT nieters 
ftwl) long fiig, 3); ihe eommnn finback (UalfKHOptcm physa- 
hrit U), ^rhidi hart a length of olanil 23 meters (Titi feet); and the 
lillh' piked O'hale {Ilstamoptcrd acuto^rtfutTijlfi Lac.), which is only 
9 or 10 inetera (204 to S’2| feet) long. 

The Imrnpbot’k (fig. 3) rrjiiindft one of tho bowhead, on account 
of its tnrgid limly, Init differii from the latter Iwth as regards its 
flipper, nr pectoral fin, which is long, narrow and four-finge™], 
and ineasiirns almost one*third the total length of the body, and 
also <m account of the presenoo of a small dorsal fin and of numerous 
furrows in the belly. 



g^lfumptwict nocinaa UQn!i4>^ fjcnirlh 17 raaterS 

After F. W. Tnifc I'be &K\a !■ cutered wltU ntituepuuj imtuIU*, In Ktitt of clOMlJf 
cilDsJne bdmticti^b. 


Tlio sulphnrboLtom, common finback, nnd little piked tv hale are 
tiiueli iiiiiro i^luJiLler Uinn the liiiiupbuck, and Imvo decidedly shorter 
Tlie huinl of the Hnbacks and humpbacks is four-tingcred^ 
filing Ui the i1i.sap]icimmce nf ihe middle finger. 

The cervical veriebw arc ^^epamto in the finbacks^ humpbacks ami 
gray whaler hut in the rigid Tvlmles sire fused together, forming a 
cuin|jact, immovalde 

ft. *rOOTITEn WIIAl.R!!. 

Tlie semnd group of living cetaceans is distingnislird from the 
edentulous wlmlclKjne whaler by the l}OHSl^^^on of teeth. In the 
Tvlfttlcbniie whaled there si.'3 many ns fil denticles in eacli jaw, but only 
in the early sstages of embryonic life* They disnpi^ejir long before the 
tnrth of the animal. 

N"o toothed wliale reaches the iiiize of the ^ulpburbottoin^ but tlie 
male sperm Tvhiilc {Ph^setrr maf^r^crph^hi^ TjO is 18 meters ("itl feel) 
long. The fejtiiale is onl}^ half ti!:^ loiig^ The lower jaw of the S|)erm 
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H'kiilo (Gg^ *M) ccmtikiii^ krge^ cnnieai teeth^ about 25 on eucb s\de^ 
while the upper jtiw (botli uiaAlUiK and prerua.xillii^) is tooLlile^ 
The sperm whsdes alt n-llied to the beaked whales, wlneli urn repre¬ 
sented hy thelK>tile'iio^d whule^ /lifperoSilQfu This whale is at least 
10 meters (32J feet) long, and is retiiiirkable from the fact that it has 
onlv ornv or at mos^t twoj pairs of teeth, in the front of the lower jaw. 
Ail the other iwth have disappeared^ or are represented only by 
miimte, stunted denticles in the gunks^ whk-li are never cut. 

The ihiitl family of toothed whales etubrnees two ^lall river 
dolphins^ one of wkiqli or (fig. 4) lives at 


Fifl. 4. 



Viu- ftA. gjj 


Fca. I,—ilStt^r rr^JUt^urjFla ut hlalMTltlel fltrVKlrik frem Ibr Knvuthcil 

ll^ Kill 4o In AbETffii ^ niitiinil 

Fin, fii.^ii^rbcr mrytolp? (rbiMevim utilbliKtnnli BunutUtnf) Ip™ tbr AferntttFtj 
Ablaut A bAC41fi1 vlif . 

Fin. Eip.—tlH> di^rul m Bf Ihp Kim& fram abort, in tho dkr|«|i3iii dC iIhs 

Ulttn ntAMlfFldt-mi are M»Ti botij prt^tuaerftOE^, wbleb ow tbw triiiJilBUi nf i he oxtmalfO 

drftfial *PBiiir Ift Knerttom of rhia .Vbmit | natllnll al*?. After tL 

IsHiElT. 

the luoiklh of the Rio dc la PlatAt and the second {Inia) in the 
AmaKOii. It rampriasi iilsu Hk while whale, <ir Ijcluga (IMphmap- 
tffrfia), wiiich reaclu‘> a length of i or 5 meters (13 to 1C§ foet)^ and 
the iinnvhaL^ 

1 ha enormous tusk of the male norwhaL which reaches a lengtli of 
3 mctei^n was looked upon in earlier ages as a miraculoiislv jw-werfiil^ 

*Thc white wtinte aii 4 tbe liarwbnl atp usaallj m thi* faQiU^ r*«l- 

fililnUlw. fit ilip true ilrjlEilitbH, bnf in ii t. 
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tLougJi costly^ medicine, nnd univci>?iilly L-onsUierai to the 
horti ef tJie fsibubnii liiiiLorn. Tri 17 rt? Ijeibnis! giu vt^ ^ highly fniitaslie 
pkture of it in hi-s ” Protogiiia,-^ 

To tlw grtiat group of dolpliiiiis lielongs the luirbot porpoi^ 
which is ubiin<hmt in nknoiit nil (Ttorthem) seosu Thk 
HOiJill dolphin^ J\ wliieli is only U meters (5 feet) long, b 

iiote^voriky on nwruint of tho fact thnt lannli liony tulsercles are to Iw 
found on the front margm of the dorsul tin and flipix*i^ wliiqh 
tuhoi\‘!es are nuiiuiuits of the dermiil armor borne by its aticestors. 
The hin-bir porfioi!^ often ascends strejuns n long distance^ and has 
frequently met with in the Ellx^ Schelde^ Thanjcs, and Seine. 
Snmerons gimeni and siiecirK of dolphins art^ rt-ragtiized, an this 
family includes u great variety of forms* The killer whale ( 
and tile hlackiish belong to thLs fatoily. as well as 

the common dolphin {iJclphtnu^ which was known to the 

ancients and is conimuti in all seas. 

The peculiar Gntigiea dolphin {Platani^t^}^ which lives in the great 
rivers of Tndia^ ?iisinils quite by itself. Tliis dolphin is entirely blind, 
due, probably, to its living contiuuotitily in liirbiil waters. The eyes 
fcirt^ only jls large as pi'as, and have no lenf^ns^ The beak of tlib 
^lolph]n reminds one forcibly of the jaws of the gavial, or Ganges 
crcM'tHlile. 

^^*e shall now endeavor to summarize the common habits of the 
wdniles. They live exclusively in the water. Ko whale is faslvioned 
to move on land. Progres-sion place only through the ptswerful 
tufiling ulH>ut of ihe great caudal fin, wdth its fhik<5!=-f which act^-: like 
tile sc'n^w at Llie stern of a ship," The body is more or less fusiform, 
iind llie swiftest swimmers have a high dorsal fin^ as well as a |>ointcd 
snout, which cuts the wavc;^ like the prow- of o ship* The anus and 
hands have been transformed into filp|jers, wlikk serve aw a steering 
appanitus. Since the work of propelling the bxly folb nil the caudal 
fin* or flakes, thi‘ liiiid limbs have become sn peril nous, and have lieeu 
reducxHl to rnJiinents which lie deep in the si:jft parts. (Fipv jind 
2G.) Tlie pelvis has lost its comiecllon with tlie vertebral cnliinirt. and 
ill till'! dolpliins consists of a very HiiialL slender rod of lK>iied Tn the 
iHjwliead, in yddition to a larger rvmmiiit of the femur, u smaller rem¬ 
nant of the tibin is present, fPig- 25, T.) 

Tile dentition in adapted to environmental conditions in a reiiuirk- 
able manner. As the food is swallowed wliole. the u^th have only thr 
function of fangs to sei^iC and hold the prey. 

^rlio numl>er of teeth varies greatly. It ranges from il4G in the long- 
beaked do1]>fnii to two in the bottlc-noscid whole* The snout is short 

“I'tilp Ulcfli whkb Ik UEjt oflgliMl wUh I^rulviaiiir Abel, Is. 1 iMilleve, lu-Lwreet, 
All ct’lawaus, aiiO eiTOinily tlie saimlliO' wuert, iiregnsii bciMv by niiTPiamJ arul 
anvTuwiiril tUTOkea ef the aiikes*—F. W. T. 
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and ronndfid in some spceies {md\ as the bJackHsh)^ but in othm it 
is shaped like tlie biU of a snipe. 

Tlie principal food of the oetneeans is fish. Only one apectes^ a dol¬ 
phin Inhabiting the coast of Cameroon^ has becoino lierbivofous, A 
large number of eetaeeiiiis feed solely on cultlelisJi^ especially tboso 
toothed wIiMcs hi ^ hich the teeth are reduced in number^ such os tlio 
wjienn whale and bottlc-ncKscd Trhale. The Ganges dolphin (Plutti- 
ukf<j) lives diiefly on siiudl fremh^water crustaceans. The w'balelionu 
whales are seldom fisb eaters^ although the common finback and the 
Jillle pikeil whale are ejssceptinus. The principal foo<l of the whale- 
bone wholes consists of minute crustaceans end soft mollusksf which 


B. “ 

I-to. AEDvricAB lUftnalun 1iilr»trii Hdriinh i \i^ ftflm the rlfht 

iJH* tl, Vi™ fTDTii IwJfivr, lAfo^h RliQ4t 3 (UJ fwtK Afuir J, ^urh. 


occur ill crinrmmis masses in Uic open The gigantic wimles sivol- 
low cnonaoifci quantities of tho^ little animals. So less tlmn 
liters (SI I ^Uotui) of crustaceuns about an, indi long have been 
foiiml ill the stomaeh of a sulpliurljottom whale. 

rhal the killer whale U not behind the sharks in point of Toraeily 
Lt erideneed by the finding of 13 (young) (larlior porpoiHca and 15 
(young) seals in the litoniach of an animal 7,5 motors (24 J ftjct) long, 
nil haying been swallowed whole, with the exemption of one seal, whidi 
was bitten in pieces. 
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IL THE f3EA-CfHVj«. 

Tlie or sqreniwns, are Awkwiird* sttipid creatures, which 

can scarcely move on liitiJ, but are excellenl swinujicr^s. In spite uf 
their whale-like form, they must be asi^ociated with the tingulotes^ 
from which at first siglit they seem very difTerent, Their food con- 
sijsts esdtisively of aqiiatie plants, and it is for this i^ason that they 
live only on the .sencoflAt or in rivers, 

Thif arms and hands* ns in the whales, take the fonii of flippers. "" 
As in iJie whale!» also, IcKSimotton b doc solely to the action of the 
caudal rm, and the hind limbB uro nlKirtsfU 

A 5«en-ctiw leaves the water no niore willingly than a whale* Their 
arms, how^every are capable of supporting the body while the animals 
are grazing on tlie fields of seaw^eed (Tangivrdtkr)^ utid on this ac¬ 
count they fin? still movable at the elbow, which h no longiw the ra^ 
ill whnles* ^ 

AVithiii bistorical times n sea-cow, known os StelJer*^ seu-cow\ 
(or fl^drCKhmalis), has been oonipletely extemilnated. 
Stellar disc?overi-d this helpless anlmul, which was from 8 to 10 tnciers 
(29 to feet) long, in iTll in Bering Island. Alwiit twenty-seven 
years later it was annihilated. " 

,Vt pre?wnt only two genera of sea-oow^s live in the tropics. One 
of them, the dngong {fl^lkore)^ is distributed from the Red Sea 
along tlie coast of India to the Solomon Islands. Tlie other genus, 
the manatee or TrichecAus) (Jig, G), lives on the con-^t 

of South jVjiieriea {raiiging northward to Florida). Tlie dugong 
lives exclusively in tlie o«?eun^ but the manatee ascends rivers. The 
African iiiajiatee has been met with in the Kibali River more than 
2,009 kilometers (1J>43 tniles) fjtim the mmitb of tlie Congo, The 
Anu-ricaii mamitee has withdrawn in part to tlie upper L-aurscs of 
th‘^ (hHIIOCO and the Ainmim 

a. THE T^i^MPms. 

The befits are at once dii^inguishable from the whales and sea-eoivs 
fixHii the fact Uiat tJiey po^sciis wclUdevclopEd tdud limbs* The tail, 
on the e<jntriny% is iilx>rted and does not end m a fin. 

The manner nf pnigrossioti in the water b entirely different in the 
rep resen tat l^*Ks of the three families of pinnipeds (sea-lioiis, walrUJ^^ 
and seals). Tlie seal (fig/T) swims by powerful back of its 

bind liinhs^ which are formed like fins, and after a stroke are laid 
against one anotlier aiith as it were, folded togetlien This mode of 
hwimming him a gicai advantage, tieeause the surface exjxw^l to the 
water* ami lienee the resistaiico of tlic water* is therebi" greatly re¬ 
duced* The amLs of tlie seal serve only for steering* aa in the whales* 
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In the Ei^ft-liaiLS (%. 8) the fore limb^ lire tlie sole organri of looomo- 
tion, while the hind flippers serve only for steering; exactly the oppo¬ 
site. therefore, of the seals. The. fore feet are large and long and in 
fonri remind one of tho wings of penguins and auks. They liai-e not 



PCG„ T,—A mi In m AidmoiliLi^ li^lfetr^. lAflci: I'. tierTiiJL> Tls** am nh-J Bffh ICMf* 
vf tlia htnd fiH?r mm af c^uet IrtiEih; thK tnlildEB 1 « !■ tikfl ilHirUit- Tlid himl ai|iE>f m 
bni cDiilractcd ii.u4 In ttkfl (HSAitlon tlMjr ffituhnrin hft^r m bide Birnkc. Thii 

fm dipivrt wm cnlr for BhHTljag, 


the slightest siimiJarity with Uioa^ of whales and i^-eow^. In stvim- 
ining. they are tomed a bunt in a [^uliar fashion like n screw. 

Tlie Avalnis moves in the water in .such a manner that both foi-o and 
hini] (lip[>eis in locomotion* The fore flippers move alternately, 

m in ireadions 
and turtles. The 
hind flippers, on 
the contrary, are 
turned aliout in 
I lie ^cltlle inajmer 
as in seaL^ Tlie 
swimming mo¬ 
tion of the walrus 
is, therefore, en¬ 
tirely different 
from tliat of the 
sea-Hons and 
seaLs^ 

1 he tail is rnditnoularT in all tlim.^ families of pinnipeds, and plays 
no role in li>comotiorL. 

The deiutlion of the seals is idmplified. It iierves for masticating 
flwl only in the walrus. In till other pinnipeds, it for gro-sp- 

ing. Spiakitig gentTOlly. the molnr teeth of the iieal arc serrate, ivith 
sharp cutting cusps, Mhile thcteo of the cared seal are iungle-pointed 



ng. fL^Kmrra mX IjfliM; i;iii tAad. ( Att^ AV nuckej Tbe fore 
Utaim. whlcb mmm bj £i3nupci|l«i^ mtv fu-nnal ak« tlie winwn at 
pCfllflilLEll. 
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lutd coilieuL Tlie twttli of live walrut^i <ni Ui^ ovutrsiryT iire blunt luid 
SUVA 11;, nnd of fnll niil eiirly. 

Aniotij^ tJie skills belong tliu Imrp st^nl, the inouk sewl {Afoimt^fuis)^ 
llio hucKl iiedl. iiiul the elephant seiiL the last of which is tiie pimit 
uujon^ sc'uJs iiiiil reaches a lers^h of tl meters feet)* The eared 
include the sea-lions and fur seals* The northern fur seal h the 
iMwt known representative. 

The ivalnis ia the only living genii^ of the family to wdiich it 
belongs, 

4. TH^ WrKti-S, 

Only one gtmui? of oLters^ En/if/driM (or Latox)^ that to wdiith the 
seaH^tter belongs^ can he included among marine luaninials. as all 
otlu't litters are freali-water luiimak and only oc-eaaionally go to sea. 
The sea-otter has a six-cial inteiiest for us, hecaust? its adaptatiou for 
a life in the sea has not progressed so far that the cliaraciers jieenl- 
iar to otters have 1 >een ethn^d. If we compare the sea-utter with its 
allici?* however, wc see liiat its hind liml)s have already l^ecomc real 
tias* ns in the seals, while the foi^ feet dilTer hut little from tlmse of 
land otters. It follows as a oonsequenou of the largsw slm of the 
hind flippers that they play a iiuire important role In the locomotion 
of ihis animal in die water thou do the fore legs. 

Wo have pas^eil step hy step fixini tlie whales, which are inodilicd 
in n remarkable manner for life in the si'll, to the otters* which shmv 
buL few differences fmni camivoroiiw land maniinals* The thought 
might arise, tlierefurCj ihai ilie sen-otters Inive dest'eiidetl fnnii ihe 
otters, the seals friim the sen-otters, and the whaler frran I he seals; 
uj'j ill otlier words, ihnt in these several lyj>eti we see Ijefore us the 
vnrmtia ylagcs through winch the development of the wlvnles has 
passed. This Ik not the cime. ^Ve Imve 011 I 3 ' to uhijerve the dilFeit^il 
modes of luconioLion in. the water displayed by the whales on the 
ami hand and Llic sealii on the otherj and to rnnsider that in ihe 
seals the tail i.s aborted^ and does nut la^ir a while in the wjiales 
the tail fin is extj^ordinarily powerful, to la? relievetl of all doubt 
ihaL there an*! heit two fuiidunientally different forms of adaptation 
ff^r life in the sea* * 

Bccau!?e these modifications of the seals and whales are entirely 
ilifferentj the latter can nut ptsKsibly Ijie derive I fronf the fonnerv 
'rhe whales [iiiist possess ancestoi^ in wdiieli the tail was long and 
wall developtsL so that at an early stage it conlil assume the hi Ivor 
VIf locomotion in the water. 

Sfimilarly, debUkai comparisons dvow that no dose relation ship 
exists l)ctwR*n the scab nnd otters, and that the seals must have 
taken their origin from another hmneh of the carnivore stem, ^'rooi 
tlie ottcE^) ^cob, and whales* which without exception were originally 
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cumivoroaH, the group of Jierluvoroufi sea-cows is sh«ri4y separuLcd. 
'riicir fiiusstors were Dot cfirnivomtss itiit lieriuToroiis matiimals, und 
they liuve reniainwl true to thhs regimen. 

II. The Mesoboic Marine Keptiles. 

Since the ancestors of tlie whales, of the -seu-eows, and of the seals 
cun not be lookeil ftjir ousong the living mammathe qiiestloii may bo 
ruiswl wholher llie ilusozoic marine reptiles may not Ijo regiirded a.s 
tlieir aiiccstnrn, Iiidcod, cm suptirficial ubservalioiu the ivell-ktmwn 
iclithyosanrs (fig. t>) presently the form with which we niu familiar m 
the dul|ihin. Tlie i)ody is fish-lIke, the skull, as in tlu* dol]>hin, rxteiuk 
into a long snnut with numeruim teeth, the limbs liave the form of 
t!ipi>ets, there Is a dorsal fin which remiiKls one foi'i-ibly of that of 
II dolphin, the skin js ntdtetl, and the young are bom alive. 



U.—Hgntitfndllirqi ul ttilkllir4>Hiurt±ii ijuailt-lMldiMi* (,|Urtui|tf4i trmm tMtf I'ppar ^-1** 
tixrttfiutirriC. Abt^ni J {urti-m riE| ,Aftii£ O, idt^kcL 


Op^Misei] to tliese rrf fonily liow'^vcsri muny much 

more importfint sfriictHral differt-iioes. Hit? iditliy<)!iiiur^ wm? n^p- 
tilcs which wore? ritit related to the nuimmaltr In the degree, 

utid becftme estLinet AviLhoiiL leaving descendaut^ 

Oil more cnrvful observatioJi^ moreover, ihat Llie caiitliil fin 

in llie ichthyor^anr h not hurisumta], in the \vh^ile^^, lint veiHival, 
as in the fo^ht^. Tii nxlclitkiii, not only the fore limbs but the liioJ 
limbs nre trarbifortiicil into lins, f>nly Uie fam of these fiiis ciin he 
rxjfiipstritMl with those of wliitle^^; their ^fnie/wric ia entirely different- 
Tile simihiritie^ between iehth^'osaiirii iind dolphins mn not, there- 
fnre^ be looked upon as evidence of reliitions^hip. The}' result from 
n Fimikrity of ndnptation for the same monlo of life. If we seeixU 
emoog the other marine reptile which took tho place of whales in 
Mesozoic time^, wo do not meet w ith any form which exliibits any 
similarity to living mammak Tn contnust with the dolphin-like 
ichthyoi^nr, stands the rotund plesiosaiir, with its Inrtle-likc laaly, 
four long lin.'S, nnd a simdl dLuli resting on a vety long neck* Witli 
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this is connected die petruliar marine turllej=. ^'hich were modified 
for liviiicr entirely m the iiea, and possessed a long snlamander-lika 
IkkIv and fins, and a verticnl caudal fin like the iditiiytraanr. The)- 
ally theuli^selvfi^ to the i^nakij-liko mosasanra (fig. 10), whfeh iigiiin 
exhibit other forms of 1 km ly. 



FUi. —Rir»Siin4 nfcKli-ioiiJi cvf IfPHAwitirHJi trem Ufci? UfttwF C^Alk of A. 

Oldii«tn Tfw'lirt Mflrwii. t#njrt3i Btw™i 4 mrirrfl Ht B. rlste«trpiii 

Cop?. Ltnffth ttlMSttl ^,0 UH-lffl <14 fMt). C. Tylworiu prorlp'r Cope- 
About 7_fi m^lcni (23 Afli^ », W, VVlUtatim. 

Of all the marine reptilesa^ none can Ijo tho auoestoc of the marino 
ninmniiit?^. Without ext:^^‘]iliori+ all these maraiHlerH of the sea were 
n‘prt*??entativcM of separate hmiiclics of the reptile stockj which Iuitc 
entirely died owl, 

I'hi time of the cstinciion of the great marine reptiles does not 
coincide with that of tl:io apjicflranee of the marine tiiflmmnls. One 
may not at all pictures to himself that the extirpation of the mtiriii» 
n^ptilcs whh-ii rnletl the sea lU die end of the MescHsoic was due tn 
their being riupplonteil luui annihilated b^' the rising and lloiiri-sh- 
ing mainiiinR A long time elapsed between the ilr-sirnetion of the 
marine rt‘ptilcs and the appearance of the first marine rnammaLj- 

1 IT- The AN'crtmitts of the ilAKi>rF ALwiMAi^^ 

Tlio MesoKoic h the time nf the uncnnte?tc<l ilominton of the 
reptile^ on land, in the air. and in the sea. ITie mammab of this 
epoch are kno^\Ti only from very rare and Jn-snfRcient remains. The 
doniinion of the mammals begins with that dirision of geologind 
time ’n'bieh we call the early dawn of the world* the 

Eocene* They first conquer the land and then take possession of 
the sea* 
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The Cwiiozoic falls into the following buIkH visions: 


IL Qaatcnmr}'- 


L Turtbif>. 


1L PrtitrilL 

1 . c’pfrf'ft. 

4 . Thv apper ftiitiflji of 

Autwi'rp (iiliJilebtrtie wlinlos, wnlniwii, *s^Jei), 
Thb luariiii! roTiwatlfujis of Osh upper Italian 
ntiii Trhw-lta^ Ph41hj 0 pm- 

SL Jffoci-FPi\—Tbe Ioutt binck Sen ftniKla of 
Antwvni (Tffluik4>oao whnlee^ tootlkHi wlial4>«j and 

aiwrlne dcpoPltK f»f Uio outer ImtSt^r nf the Wjm 
fiwfl-co’Era and of Xufisdorf and 

llelllaenstadt^ Vi rami (wtinto and 
OU^ocenr. —Ksninple: The i^efl KHidi* of tbe v3 dinlty 


uf Ma)^eni?e (PHn-rawp). 

1. —^Kumnilile: Tlie nnirine olieilk eif ihv AJokab 

innilien; owir CJilro^^ anil of Um Kaj^um (prlniitivo 
wl’noeaiw ntid tho rtrwl itmi>e^nniK 


The tlliferent diviHion.^, fi.^ for example the Enneno, OUg^wenn, otc.^ 
nre again siibdivitlej liitci Lower Eocene, Midclln Eocene, Upper 
Eowras etc. 

Fio. 11a. 



FiQ. I la. 

vmn. It ZS '-OltDaH uf twQ prEraitlTe cvtB^tirc Ifwm thw Invw miSillr Ewne a( 
Egypt Fig. II. l^tQf#tun ntainu l-X FrfMii at ilfult Oo tin. la,) ; 

llm* utalltiuply fnwa alomS lll>, fram l»staw. FIk. 11L fScH^uji prlkw^Mofarllil K. FrmM. 
(if ikatl #0 cm. (S^.i nsgui wUSs. After Vi. Filing, 


Wliile only land irmitimul^ have Ibns fur lieen ffnind in the Low'er 
Eocene, the Bn?t marine niamineL^ appear in the liiwer Mi<ldle 
Eoceno—^prunitive Macetiofl and the nlde^i sea-ct>w& These discoY- 
ericif were made during tlie last hve years in a region from which pte- 
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vioiisly only H'atiering reiimins fsf mBtninuh were ohtsirt^^d. nmnely^ iti 
the virinity of Cnifo aiul in Iho Fnyum. 

The oldest whale whieh we know to-diiy, Prota€€hi^ (fig. n)j differs 
so i^xtrHordiiiiirily froni Jivijig whaler that nt first sight one could 
hardly Ai^ign it to this groiap of aiiiioaK Tlie skulls and piirticn- 
larly the teeth^ show, on the other handf an nstonighing resembluneo 
to IIm?. oldest land Tnammnls. 

As in the latter, the oldest priJiiitlve cetacean ha.s 3 incisorB^ 1 cat- 
nine, 4 premolarsh nnd H molars on each side of the upper Jind lower 
juw-v Aij in tfie earn i com, the iianlne projedis stmtigly. The teeth 



Ih® Tijfflat ■tite. B, Wtam HUm. Aftpr C- W. Aailn^vH. 

which follow it are tvvfi-rocitefl; the jK>sterior three^rooted. Tlie 
pdgt^s of tlic tneth II ro smootlL Thu immlwr of ttHjlh iti this jirimitive 
cvtni«an most h«ve biwii 44 , a git-at contrast to the recant long- 
bciikiHl ilolphiii, which has 240 teeth. 

To this primitive form is jainet] aiioLlicr, A'ori'/ajf 12), which 
differs throii^li the fine sermtloit of the edges of the teeth. Then 
foUows. also in tlie same deposits of tiie Middle Eocene sen, « third 
form. Frosmif/lotimt. (Fig. 13.) In this cetacean the teeth are not 
formed ns in land manuniils, but tlie edges are strongly serrated. 
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This last genus is ii triiiisition form to Uio later priiuilive cet-a- 
ceans of the upper Middle Eocene, In lliiw fomif jittuglodon 
14 }, tlie marked diJfereiioe between the in^sors, on nines, ami anterior 
premolars has disapiicared : the posterior teeth have lost their tkree 
roots tind have therefore lajcome two-rooLed. Tho last molars of the 
iipptT jaw have begun to retrograde) and in one species (fig* i't) wro 
alreadj' lost. 

From the scanty renusins of the limbs of this primitive cetacean 
which have been tiiscfivered,, only one oouchuiion can be dniwii, 
namely) that the arm was modified so as to form a flipper. As the 
tail vertphinc; of the later primitive fnriiiB are very large and power¬ 
ful nofl resemble those of the e.tLutlng whales, it is certain that these 
creatures swam after (he manner nf tlie wimles niul not of llii* iwals. 



yta. of ■ prlnilflvo Krit-j^HUsm oftirt* rtflud Ihf* iTitfe*' 

£:oi»fle of FetypI- of ukult I'O (27.5 Ift-)- J—Inclwr#: 

r^nnlnc: K. V. Slnuacy, 


Tilt" |>riirikh’i! t-t'inrpans sipjH^^itr to havv U'srciciio with iliu 

funii nf llie KiX¥iK>. At Jill wtuU? no r^nniinir froni 

btfjr (idposits give us tinj tvideneo of a c^toLhinalnon «r imn^^fomni- 
tioii of ihi^ j^(ock. Wi; jini confronted iinfiw- %vitli n 

i^ue^tioii: Wlitrie shall we look for the ttiicestoi^ of exifrtln^ whales 
A siimll primitive cetneenn from the Eocene deposits of iho Caucft.'-U.^, 
gives us a clew, Tiiis apjicjtrti to be the pn^geiiitor 
of a series which b reprosentetj hi the Oligtxxaie only by i\ small 
whale from the vicinity of Bumk in Hanover, but which in the Ifio- 
cjcno (the nest later division of peologiral time?) reached a high de¬ 
velopment. This Miocene whale htis a very full dentition. The 
teeth one nTOotely of those of the shark??. It b, on this 

account, called the “ ahnirk-tooth wlmlc,^’ Sf/ualod^n, (Fig. ID.) 
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Tlieso H]UB]<KlonH Hppronch ih© primitive wjlatunn.^ of thi^ Eoceni- in 
the tomi of l!ii^ posterior teeth, and as in the latter tlieiie teelh in 
Forae sj>EC:i*^ lire three-rooted. An ijii[>DrtaTit liilference exists^ how- 
ever^ in the nnmtier of the teeth. \Miile the jirijiiitive cetaceans 
have only 11 teeth on each ^dc of the upper and lower jaws* in the 
s<]uulodon^ the nmnber irt 14 or 10. The idm pH heat ion of ihe teeth 
proceeds so far that the incisors, canitieai, and many of the anterior 
prejiiohirs are of the !i^mo form 

Tlie sknll of the sqnatodons reminds one satrongly of that of exist¬ 
ing toothed whales. The nostrils are pushed far laick in the skull, an 
hdaptation for breathing in the water. With the sqiialodons 
an almost unbroken scries whidi leads to the exiting simthi whale. 



V^u. of t«i> ^qaj4?^dnt ctlBcvaDS, HquBlodon. A S^imtodon 101*11 I'l.rjut^r, 


froin iht Miiiwao nif BlfflehealMLirb In l^i>wi<r Oavaflrt. ^ flAtnml elM. Afttie K. A. 
Vnn n. JcFErnlam, £ni-ia Ibp MloeoEifi <hf Oiri in loutbpm 

Fr*aec_ A dildml ilie. Aflff JrfWtet. 

Ihftween lyiVl find when the fortilicalions of Antwerp were 

built, thousands of whale skeletons were dug u[i, am! iiinong them 
fcjritis which fJiow in the cktareHt man nor hoiv the transition between 
the squalodojis and the sperin whale has taken place. 

Fii^t we Hce that m the dilfereiit form^ of (fig, Ui) tlic 

two-rooLod tmh have liecome single-rocrted through the fusing t<v 
gctlier of the roots. Tlie erowim of the teeth, wdiich were origimilly 
fMOiiprcAseiL luive Itecome cotiicmL The injjipji nn the edgrs of the 
teeth liMve dissp^ieared and resolved thenoTelve^ into fine j^mitioiu^T 
whose remains finally are on]y indistinctly seen on the croTvius of the 
toethp The crow^ns are shorter and the roots longer anti thicker* 
I'he teeth stand obliquely and foriii a fonuidable graspiog appa- 
rat IIS. 


IITSO—4IS-:t& 
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lu the Hraldioeti the. premaxilla?, maxillas Jtiiil tnujiilibl*; still bear 
twtb. Tbe 5iime is tni^ ijf w whale belonjidiig' to u later Chitnatiou^ 
PAi/9irteruta (li^. 17 ), in wtiiclij however, the enaitid layer of the 
i,*rown b already lost. 

Then follows a foreriiiiner of the sperm wliale, Prr^pA^Miei^ 
(fig.IS), in which the ineisnrH fall out in early youths winlo the 
muxillury teeth fullow a little later. The upper dentition i% there- 
fom gradually aborted. 

A, 



no. m.—akoll or Jiafigankiu ffyin itR^ UliKi^Be uf CliMljiUr. Friiafo 

nlm. X Ju iFuat; H. from I In# rtgla ilrtr, ^ mlural ilx^^ Afiir R. Lj^ckkfTH 


Then foliowri the genuK PhcosipAiua, in which the premuxilke 
Olid maxi lb- have etuireiy toothless while only the lower jaw 

hears teeth* and tluLs ive reach the stage whei-e the existing sjiertn 
wliab (fig* 2Q) jtiiiLH oil 

Tlierc ntip fpw (ieiiciibgkal series of iinimelii wiiicli give us the 
jiUtur}' of a stock so clenrlj. Of special interest, however, i« the 
sudden, almost “ ejsplosive,'* development from the sqnalfulons to the 
sperm whule. The entire development is completed in a very small 
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^ieo4ilJll g^io^jcuJ time, tlie ITpi'ier Miocene, and Kjnce that time 
ilio K^wnii wlmle?^ Iiara not materially dinnged. 


1 



Flu. IT.^akuU pf the t^-tctvraln auboj^H Van ik^sa. froill llm iJ[^pei! 

Mlwwiu! uf ARtanem, Hie iHHk la laizkLn^f. ^ tiaitarel bIjhl 


A six^aiut jienes i^priiigti from the si]niilodons iind leads to the 
e?ci^ting lieaket] wUnlc^ Here the KimpUtiaition of the deiktUion is 
cumiiletiH] in ii ditTereiit way than in the c^nse of the sperm \vliales* 


B. 



K 


Fm IH^Abti^lar «»S of xh^ ink Uf mn am^iuj- at Itip Sfwrni vthnii, ftDphjaafEr dollol 
A[t«l, from thp Fpi^r fif AzUvru^rp. 1 >^, fmin ImIuv:!: ISb, Imm wUhflut- On 

ibo Irft Hip pr^niaxIllOp i^n Hue t%bl tbo nnulllg^ 4 uatuml jiJ*& 

The moHl impnrtant lUfference is that all the teeth disyippearj with 
the e.Tception of one or two pairs in the lower jaw. In tiie iwhi^ 
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tienkcd whiileH aiie finds mdimiinian' dijnliLdes wliidti remain m the 
and nr^ not rut. 

In this if»erias also know tins mci^st linportant tr&nsidcHial forms* 
F^^^ 1& shows the under jaw of a l^eaked wdnile from the Sliorone of 
France* Cetorhynefttis, La which Um alveolar groove h gimtly reduced 



Fifl. in.—rrnEinrnt Usp «l h WtiJilr, Cr-tflrtljllrtiui chrlHtnll ll^rvulM. 

fnHai Foiuiuii, HAnlli^m Pnihre<. 1 iintiiril 


and tbo septa Iwlwrsen the alveoli liBTie disappeawK The series is 
developed in tlic same lino as Ibe spenu whales, mid the Inmsfioiriim' 
tiein is sdtiiilarl.v nearly completed in the Upper Miocene, At thia 
tiiiif a gejius of tanked whales, Me^opltithn, appears), which is unit 
with abundantly in foseijl form, but very seldom at the present day. 



Fjq. aa—iHtfiiii of A Rth^rtn wimlc, Ftkjwtlpr raactDCvpIiAlnfl L. I>i 4 ^b of tho 
I ft ESiiirra (MS fettM. Affcr W. IL Fhnre^r. TS# U 4 Lqdlbk- linn :i7 litfgp 
iw’lii OB *84^ ; thr np^r Jiiw itn4 I hr arrloBSUlir which fomi tho tfav iBwit 

mnf foQtlilrw. 

Still another mdopendent series q>rings Irom the squalodons 
wliicdi has its highest tlrvclapment in the Miocene, but at the present 
time ift on the clrclitie. To tliis gtonp belong the small South Atiieri- 
can river dolphins and hun) and the white w'hiile iiiid 

lluVnhaL 
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Wliilti ull tlie s^srles Ihus fur spoken of aM^ Ktill i‘t='|>resi?nlc<l to-diiv, 
a fourth seri^e^ which also took its ori^Ji hi tho i^uuloelotis^ ontiri4y 
t^xtinct. This juries conipriscis tJK« loii^^bciikcscl ilolpliiiiK of (ho Uppor 
Miocene of Aiilwerp {A*m*hmodelp/fhhr)- In one ^[jeciies the isnoiit 
readies riincHidoventbs of the total length of the skalU an eriornioii '3 
projMirtiorit wbii'h biimds iilone among all tlie loiig-lieaked fiqiiatic 
atiimab which lived hitherto- (Fig. 2L) 

The dolphios of the pn^nt are not the descendants of the sqiialo- 
dons. MTiat their iiiice^tors were we c-uii not saj to-day. It k sure^ 
howeyer. llmi they sprang friHii iirrnoiTN:! progeiutors* In the Upper 
Miocene of Ttadoboj in t^roatia a. small-toothed whale closely allie<l 
to the harljor ]x>rpoi&e {Phi^Cfmtf) has found whose w^hole dip|>er 
was covered with armor, while tlie citisliiig harbor poriKiise I'etnins 
only scanty remnins of this old armor, (Fig- 5,) 



M dn 1 |tliLD. EulilnodrlfibU a^i^^jrggtrlN r>ti Boi*. Ihti 

rEipr^r i>e AnivK^p. ij-]I 4 cij) ftieqa wi im. 141.7 aa. k 


The initial link for connet^ting the wlialehone wliaJes wdth the Irnni 
carnivores k also w-anting at present* Mc^st probably tliey origimitiKl 
from the primitive cetiiceans. But certainly they passed throngii the 
stagres of toothed whales, as mimerous denticles are jiresent in the jaw s 
of w'hjilebone wliale emliryo^. The oldest whales of this kind ajipear 
in the iliocene. They are ven* small, hut apjimnch very tumt the 
finbncik.s. 

AVhilc, thereforoT the origin of some grolips of whales h envelnpcd 
in obscurity, im{>ortont aiid ver^' ridi discoveries in the Eocene of 
Fgj'pt have shown ns fruni wdint anccfitors the sea-cowij originates! 
and how their stages of development proceed. 

Contemponiticouslv with the oldest primitive cetacean appears the 
oldest sea-cow, which has receix^e^l lliw poetic name of the animal 
of tlte dawn,"^ EotJu^rlum^ With this appears a second, more higidy 
devdopetl genus, Pj^to^^lrefu (Fig. p2,) 'Hie tnctet salient diameter 
by which the oldest sea-n^ws are distingidslied from the ejrisliijg ones 
tH the por^sion of Jill four limbs. Tlie dentition is as complete as in 
the oldest primitive cetact^ans, A serifs of characters points with (Tr- 
tainty to a near re1 ad unship with the pachydernn^ Elephants and 
sea-eows doubtless had the same ancestors* 
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Tlie hiiHl lirnbfs which are -till funetlonal in ilip oldest pen-cows 
from the lower Middle Eiwetic (lig. 23. !), in ihossf of the upper 
Mkhliu Kocene, have alrvndy liet^onie fuiietiontess (fig, 33, II)- Tlio 
ijelriB, wliich originall)’ consirted c^f iiicliiiiin, ileiim. tmd pubis, has 
degi'iienitwl. The obturator foramen has disappeumh -3, U-) 

The acetabulum has Ix*oouh! -Rialler and riulimimturj*. { Fig, 23, III.) 

Hy making use of later fomis we cwti trace step by step the raitrse 
throiigl) which the degeneration of the pelvis and of the femur has 



Fifi. £2,—Slntll qI n im-<nylr, FnxtMkrfm iTiu.il Ah^i, frocu thn lijrwt>r UlikUi- Ctwmft of 
RrT[i[. LrB0ii of iliul] CB. O+.l In.U A. Shull ffom Iw1dw_ It. l*>ociji ibrtvp, 
C. PmiQ Iithl|i4 U, tiuk, Of utfrlor larliar. | mtonil pIst. Aftir C. W. 

Andiwt, 

pro^Ttesetl. Tlip pubis gTflduuHy became ptmalier (fig, TT. ITT^ 
I\*) ftful disupjMMiretl entirely in a seu-Crtw from tlie Miocene of Aus¬ 
tria^ FitinlJy, only u long rod of Iwrie remitiiLH* ilio npiwr piirt of 
which consifitfi of the ikuin aod the lotrer pnrt of the isdiiiim, m in 
ihr e,\tinrl Airlic and the exifstlng dngong, 

llu' South Americnn munatee has retained a ruditoent of the 
feiittira but this Ls only about 1B.5 mm, long ond nbniit 2,5 mnn thiokT 
while the animal iyelf reaeJma length of 3 meters (10 feet). (Fig. 
24 ,) 
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In no other jrroiip of miimmftls, perliftps, can the stagi^ in Imns* 
fonnation be followctl so clearh- as in the seiUKiws* Tliw is, tine to 
the fact that these animak inhaliitccl the settcoa.<n, »n<l that conse- 


quejitly tlieir remains have been met with abundantly in the marine 
Tertiary deposits of Europe, The wholes live In rarely in the hi^h 
seas and ft carcass is only occasiofULlly driven on shore by currents. 










4H4 AiCNUAli KKPOHT KMITHSONIAi? INSTITUTION. lEKl'7, 

A gmvflvard wlmleii, siidi uh fascists in Uw U]>l>cr Sliocem^ am] 
l^JiocTiu* liay of Aiinvivrp, h a qiiitt- uniqm'! plienomerinii, 

Thf si;a-t:£JWi 3 iirna; hi ihit ilyditcrranwiti region m tln^ Middle 
Eocene, lentil the Pliocetie they wen* nbundant on the jwHrniisLs: of 
Enttq>c. Emm thcnco the imcestors of the diigoiig took I heir way 
toward the und thc^e of the niiiiuilee toward the west, Thii:^ it 
lit uiicc lj4>coines dear why the mngo of die two living gt^nera of fsca- 
eow.s i=5 so sharply se|>aralcth aod why such fundamental ditfereueeis 
exist Iwtweeti tlie dugong and tho inanatee. They separated at a very 
early lime in tlie Mediterriineaii from the main stock of tlie sen-cows^ 
which is now extinct, while llie brunches cnntiiiue- 
Let ns return again to tlie whales. The degeneration of Uio {lelvits 
in the sra-cKiws which we can folldT-v direedy, gives us the for 

aolving the pmblem of tlie rudimentary hind 
limbs of the whales. If we compare the fielvis 
of the howheud or Antic right wdmle (fig. 
2^^) und that of the finback (fig. with 
the jielvis of the oldest sea-cows, the coire- 
spondeneo becomes at once apparent- Tii both 
ruses the ileimiT pnbiB, and ischinni ore in 
ull respects similurly formed- The obturator 
foramen has di^aipiieured, the tuH^tabulum 
for the femur is no longer functional. The 
ileum is very long, the ischiiiin and pnbi» 
aborted, ilost ffignificant, however, is tiie 
jiosition of the remaltm of the jielvis in the 
body of the whalebone whales. The pelvis 
of the Arctic right whulc is In mod 180'^, u^r 
compared with that of the iinback. The rndb 
iiiunt of tlic pelviii of the toolhad wliales cor¬ 
responds also entirely with the. forms fniijid 
in the dngong. It follows that the reduction of the pelvis und of the 
hind limbs in both not ckjsely idlictl grotipfl, the whales and the sea- 
rows, muht liHvc proceede<l in exactly the same orrler. 

Tlie example shows in the dcumt manner the importance of the 
study of fossil forms h is only through n more exact knowledge 
of them thut we cun [>roi>erly the str\tctim of Hein/f 

] f we turn to the primitive history of the seals, w'e are forced to say 
that their origin is not yet clear. The most jirobable siippositioii is 
that they originated from bearH. Paleontology unfortuimtoly U^vos 
us ill the lurch, as the oldest seiiLs of the Mio£x:^ne already show all the 
characters of existing FoaE» But through the iiuiltifariou^ oh-^rvu- 
tion.H which at pniscul extend throughout all eivLlixed countri &4 it 
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will iloi(l»Ui‘!is l*f potssibK* to Uriitfr this )>rohJwii to solittiun sonu* time 
soon. 

If wo review the resultis of our invcsti^tioiis, we sec thnt the 



tn«. 2B.—LefI pcKIt IH»IW «r the Arrttf right whglp, RiilxfiUi mjrrilrplU* I.- 

Bwci. o1jlli|nf;t]r fnim witliiinl. Abaut ft ti-dltllfAl ItllW. Fttnn l-eft to rlrbl, tho llrpt thr« 
tiwfc^ It prePL^nl |MHill&:ill tlm ^irtc boot* Of tUri tfcwhomd 

will ■fiPiiiDt'd, TEiif lin^'lr tihff buA rotiifed brt'i^Wilf4p unlll tbo hlp-liHilK' 

IIP* boriioomll?'. Ttio jiHierU»r rnd H lowjird ttwj Sfft. tlio prtl*Hfli>r rawird tl» rliihl. 
Tli^ llv^iit; 1% piitilal 10^ IjfcbtninS Ar, a^t-talml OIH; F** faimirt T„, lllfla ioirtllflffliioliil- 


marine inatiiimils do not form ii single group, but Iwlotig to i^erks of 

entiMy different form*, not closely related. 

The whales originated from very old land carnivores, the sea-cows 



^6 .—|M^lT|r 4H3q^ taf the Canmmn FLafuifilr, Baknoprtpra pb^iinlttfl tj.. Hen ob- 
llqUPlj frcjw wlllifjut. AWat ^ natunal ilia, Tbi taft lad miiSflJa JiaiarM ihow Imw tba 
p^EldB oC tbs <if lV»|ih,rK itiMiimf4l |ti pimh^l |tijvUlub. Thr U[rppr fail af 

tlK> |ti>aED hju 1 un 3 <^ downward ft^rwirdm I 4 thnt tlw iHine 1 * bQrtxQp.tnL Thi* ndtc^fiitr 
pnd Ji toward the Ifftp lb« p«1<Miur toward tbo rJjcht, Alibrortqlloiii qu |a Fijf. 

from eli!pliant-liko pnehydonn^?, the. sca-otter from ordiiiBi^’ ottei*s, 
and th« s^sis probably from beats, 

\Vr liQTe fieon that, in iipite of many simllariilas in th& form of the 
body^ ibe wbalps are not iiUkd to thii iditliyo^unsj ali^ among 
tnarioe niaiiinuils there m ii series of eorrespondiiig linesL Thu-s we 
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Hnd in tlij* whalirs and sea’twv,s—lw» wUldy scparalpd sloiJta—a 
Iiorizoiitiit com lit I liti, ni<1inientiirv Kiml UhiIm. fln-^haiMH) fore limb^ 
a in«n’ w iiuktHl skin, cte. i*‘i tis, Unwever, Itxik more clnsely 
dt one ttf wbii'h flpjwar sm luniilnr. Tlie llipper of 

ii tiitttiiie tiiitiiinial iif nlwaya iniich Itroadcr then the fniu Itiiiit of a 
!(ijhI inatiiiiiaL The fin in nut lie hruad if it In to serve as n gootl 
steering a[)]tanitns. In the whales the hroatiening ttf tiie fin is 
necompiisherl hy the hmudening nf lioth lower arm lionofn an that- tlie 
Iwnes themselves are inerensed in breadth ntitero-jaJSterinrly. 'flic 
apace Inaween the radius and nina is siuiill. 27* !•) In the 

sea-cows, on (he contrary, the brotulening of the fin results from the 
increa-setl BjMiL-e between the nidi ns and ulnn. The radius is U‘nt 
forwaitl strongly, while the iMiiies maintain nearly their original 
sisse, (Fig- 'It, 11.) In the f;eals, finally, the some result is reached 



by the radius being increased in width at its lower end uml the ttlna 
at its upper end, while the s puces 1 N't ween tiie Imnes remain very 
small- (Fig-2T,1IL) 

Thus the same n’sult, the formation of a Inxmd fin, eomca altuiit 
ill tlmM* dilTerrnt wajtt. We can state that in briefer form somewhat 
AS follows: Liiv /orwi, iriV/i dSffftruttit K/rMe/«re- 

To follow the relalioiiH between the form of the Itody and the 
struct lire of the Imcly in all particulars Is esKintial if one wishes to 
approach the problem of the affinities of ammaU one to another. The 
history of the separate stems of the marine mammals must be con¬ 
structed on foniidatioiis entird^' diffenmt. than thowi upon which the 
similarity of tlie form of the body is iiased. Wi* rec^ignize hm' again, 
IIS everytvhere. the dominating infinetin- of inoile of life on the struc¬ 
ture of organiKiuA, which in dilTen<iit grui)[>i4 proiluces the plienoniena 
of convergent uduptuliun. 






TIIK MEI>ITKHKANRAK PEOPLES* 


Tiy THKOhAi-n 


The SEediterronean region f«r mnriy yeat^ has stood in the fore- 
grroiind uf international poUticSL Morotxio hiLs dniwii the nttentinn 
fif the wliole worhl to her by the evenu™ hap[>e]iin|f on her consts* 
evrnlH which have ali'eady ri-wnHed in the oceupafioji by the French 
of the eastern fnmiier town Ujclan, near which Bu Atnara still 
holds sma)'; et^nts wrhich have been eehoc'd in and amtind Casa- 
l>iancai in all of Moroeiru^ in the other Atla^ countries;^ atnl in fact 
all ihmug^b the world of Islnnn 

III cotiipiirison with die active commercial interest which appar¬ 
ently all the nations of Europe take in the Mediterranean, the 
inliabitants of thefie countries have Ijcen almost entirely in the back¬ 
ground, That they are so Httle known iitid lieeii deemed hardly 
worthy of consider at ion has again onJ again' caiLsed eveuta w^vy siir- 
prising to die Enropean tlipioinats and (jeopk in general. The pur¬ 
pose of ih'm paper Lb therehire to gi^-e a gi*neral nuttine of the 
variegutciJ mixture of rac^ on the shores of the ilerliterraiiean 
pnd in the adjoining inland countries, widt an account of their 
niiinlws and dbitribiition. Tlie figures are given in round niiuibeFSt 
PTuffirieiitly BCctimte, how'ever^ for the present purpose. As a matter 
of fiiift, it w'Qiild lie diflieiilt for anyone to tell exactly how many 
Berbers and ^Ubauians theiii are, or even Ihe number of Greeks and 
TurUit, 

Hie most important results of thb investigation^ I shotdil my at 
die verj" lieginnirig, may l)e <^onBidc^ed wdth tbese three -Mtatements 
ln'fore us: 

1. The Mediterranoan cowiiiries are as a rule very thinlj^ P«P<^<' 
la ted, and ilie tendency is for the inhabitants to remain rh jelly along 
the coast, 

2. One-third of oil the inhabitants nf the coast countries of the 
ModiteiTaiieafi are of one race—tlio Italiiin. 

"TmiiftInrwU ifccrmJfwInti, frfiiij iLb \Vs»cljeiiw*^rm+ H+trlln, 

7. 1^. 21, 1007, 

■1U7 
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The Berbers «f tlie Atlsiji Moiiiitiiiri mitHi nioir 

ennt-iileralinn than heretofore hnn J>oeii given them. 

The old function of the iiediterniiieRn. ifnit of Iwiog the of 

culture for tlie whole world, foded further and fnrtlier into the biick- 
gmiihd in the middle ugesw The Itomnns liml unite<l the whole terri- 
toiy under one government and in this way bad oruslhI a greut uni¬ 
formity in manner of life* In the Unnuin pefiiHl idl etlinic dilTer- 
vntH^ were more or less oomiileldy vruerred by Eoinan culture wiiidi 
gfsideil into Ifellcnif! in the piist. The HO-called migrations have 
changed tlib coinpiirativc uniformity, attained in a long historieitl 
perioth into the varietj' of races seen at the ]>rcsent day. The entire 
race map of the Jltwliterrancan has altemh 

In 13111 riy ea^ ihia coiiiplexily is only Eipparont. fim freqiiently ive 
find the prmiiLive races hidden under a new liiingi.iagu tind a iwiv 
religion which they have aduptedp, We may well recall iis an exam¬ 
ple tliat the very mixi^ popnlatioii of Asia Minor, inclinling the Cel¬ 
tic (lulatians, at one time grjulnally acqniml the Greek language 
and the Cliristian ndigion* while tchday the same |icdple more often 
si>E"ak Turkish and are Mohiinnnedfljis. Only four ^lediterranean 
peoples have prciicrved both tlieir siJtfceli and raciiil fjecnliarilies from 
ihe [M±iHod bL'fore the migrations, and this has lioen possible only on 
account of the nionntainoms, jrujcccsaiblcj and umittitictivc nature of 
their conutriija* Thc^w arc the Ba^ue^ the Aihanians^ the Berbeni, 
and the Greeks. 

The first two have diminished m ntimbors to a small reiiinant and 
seem doomed to e.'ctinotion as races at no wr_v distant djiy. Xii spilo 
of this, liowcverT Imth have playecl a prominent part in i-went his¬ 
tory. The Basqupii were the snpnorters of tlio Carlist- uprising in 
Spnin^ and the Albanians have been a great factor in oriental ques¬ 
tions. The Basques are the descendants of the ancient Uierinna. 
They have kept to the valleys of the western Pyrencos and lo the 
neighboring Baj^ciue Mountains^ narnfc] from tliem, living' partly on 
French and partly nn Spanish soil Iwtween Bilbao and Bayonne, but- 
ihitJiigh emigration, i*spec:ially in the nineteenth century, to the Tji 
P latii States* and through sihs^orption, they Inive lunm reduced to 
aU>L]t a half a million in nt]nd>er. The Albanians sprang from the 
ancient lllyriains, who have been able lo hold their position nnlv in 
a portion of their original territory—the most inacce^ihlo middle 
Eflrotchs^ of that great folded girdlo of the earth’ii cru>it found on thr 
west sitle of the Balkan penimmla and which may ajipropriately lie 
called “ H land of per^verEinw*'- Tlieir Inng strugglaa, first with the 
Slavic oi^etflow anil then with the Tnrks^ nnder wJiofjo oppression 
great numbers emigniicd to Greece and Italy during the fiftwnth 
CTtitiiry. did not extertnlnate them* In soiiVbem Italy as far m 
Sicily these Albanians mimbcr now about 80*000, allhoiigh they ap- 
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p&ir to IjM? lihiiubnt entirclv wbt^orlieJ by this [taliun cuUims, or in tbo 
proi^s of xt^milutiori. more AltMtniun:^ hiivo probably l)eon 

imniirii Lilted by tlie Cirwks, Tlie ALbiinkii C 4 JiUe raisers and ffirmprs 
ijiuckly develoixMl into iiiarinL-i*s» with the rr^iiU that many of llie 
naval heroc!? of the Greekn struggle for indepeiideuce were of Allia- 
jjioti desrCUTit. Til i^PiiUmrji Albania anil Epirus^ ab«>. far they 
iiilopted the Greeiun religion* they willingly adopted (treciaii ciis- 
loni?^* Wiiit in fatal for them, however, more thnii I heir ariiml pisU 
lion in tiWlization* is their separatiuJu bt^^auHJ of rneiul iMfciiUnrity 
iiiid the natiiTe of their eoiintry. into many little elans, of ten in 
deadly fend with oim another, and tilso their religions tripartition. 
¥rom the south they are ilrawn into the Greek Church j from Italy 
into the Roniim Catholic, and in Ttjrkey they Intve been partly won 
over lo Jlfihaininedanism, There niv many of them spread all over 
'J iirkity as soldiers and ofiiclalsL, often in high jx^itions. But not- 
withstanding llieir pronoiinml warlike uhnni cl eristics* by rt^asen of 
wliidi they fonn the SulUtn^s IxidygiiJmU iitui leml material aiil to 
the Turkish anuies in their conquesltr* and their large iiiunber of a 
million and ti half, they are a factor of le.s;? consequencti than might 
lie exjiected^ btsisu.se of tlieir scattered condition* 

Alllumgh stiircely jHiboniinattv tliey tieverlheless ap[H>ar to he the 
principal itupiKul of the Turkish ascendency uii the west side of the 
IlcilkiiiL penmsnln. Italy, in comiietition. is stnving to win over the 
Kotnan CathoHcr AJUmians* wdio educate their priestj^ principally iu 
Home and thert^by h endeavoring to secuix* a firm foothold in the pen- 
iusiilat even in opfiosiiion to the llapsburg inoiuiivhy, 

Went tertMl over the southeastern European peiunsiila tliere are still 
iiimnants of tJie pi'e-Roman primitive [jeoples in the guise of the 
Rumanian s-[>caking Aromunes, ZinKaren* or Waladiians. In tlie 
twctfih century these still held a considerable part of Thessaly* then 
known as the great li^alachia. Tliey are largely lacking in iiiiticiiial 
fetdiJig* bftlong^ to the Greek diundi, and inclinr toward Grecian 
i-usLoms. Many speak three Imignages (Turkidi, Rumniiinn. and 
Greek k In spite of the beet I hat ihey nuiidxT hardly iW,0<K). they 
have recently lawn promineiit fjoliticully fol' the reastm that Ruma¬ 
nian envoyrt have Ixwn striving to draw them. ts^|ieciiiliy the Mace¬ 
donian Wnladts* atvay frntii the Grecian inftueijct% 

In Ajsia Minor also there are still signilicaiit remnants of aljorigiiial 
licoplt^. who on account of their religion cxuisidcr thcmN^lvts tJreeks 
jind are Hellenixing themselves by founding Greek schoob and em¬ 
ploying Grc^'k teachers. Likewise many—in fact, according to the 
opinion of those who liest know tlie conditions, the majority— -«?f the 
so-called Tiirk^ of Asia Minor, and die related Mohammedan sccta 
who form the remnnnts of the original pDoplo. arc doing (be same 
thingj which renders ii difficult to secure accurate mformation con- 
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*xTiiii3g UiiMiin Tilt! whii m th^ thini tyntur^^ H, Cl 

wiiiidt^ivil iiitfj tile iiorlherii Imlt of the UighlundA iiii the ipf 

enn .stilL evora when Mahoniniedaii mid b^jiettkliig Turkish, 
\h3 easily distinguished by their light brown hiiir iiOiE bine nr gniy 
eyi»s^ fmiii the native CappudocJHii.^ w’HU Uicir jet bltitk hiiir. nor- 
row fuces niid [x>enlior noses. 

In ttii entirely dilferent eiitegory from tbe-^^ di^aipijeeriitg i\^miniiit^ 
lire two other JiluLirigiiauI jieo-plKn tjie Berbers and the tinyks. 

The Berlk^rs. who l>olong to the ITymittc group, are an extrnonli- 
inirily interesting race, wliuse lungimge and |>eeuliaritie 3 have lieen 
stiulieil fur ton liule on siccumil of I lie fuel tlmt even to the prcrieiit 
ihiy lliey energetictilly resist everything foreign. The principal re¬ 
gion wliei'e they live, the Atlas nionntaiu territory, or Ijittle Africsi. 
WAS formerly o^LleJ Ihirbiiiy iifier these iwojili', hot this lunne, for 
no giKKl reason^ seems to have ]>fissei:l into ijianse in modern I Inus^. 

ill iilmy of the tiiiiiie Berlwr, tliere is generally used a term, sjjrend 
liy the i-'i'ench in Algeria^ nmiiLdy^ tlie word Kiibyle, This word 
nieiiijs nothing more than tribe. The mniparntively pure lit^rljt^rs of 
the high emsi range in Algeria, eastward of Algiers* ore i^alletl 
Kabyk'S. anil likewi>i? the luonntainonh region of deljel .Jurjnni is 
eullnl (in?ater Kabyiia, and the monntuinous regiun east of Bougie 
is knoivn as Ijomr Kabylia. 

The aiteiilinn n{ the entire world has rmmly Wn eentereil nn the 
lierl)ers. Once iM^fnre in the middle iiges these fpeo]de plnyed a very 
important iJiirt in the [wlitiail and social development of tlie worliL 
The Jku'iyrs were predominaiil in the anniL^ that conquered Sicily 
and Spain and they iven* very promineut among the "Arabic" 
teachers mid artists of that time. 

The Vghhibites of Kuirwym founded in iiCP A. D. by the Arabians 
under Stdi Oldia. were Berliors, among whom sekntifii- life hud its 
tpegiimings in ihe niittli iimtnry* BerUu^i iilsi^ weiy the Fatimifles 
who have dominated in Melii^lyia since the liegdiitiing of the tenth wn- 
tnry. and the Zirides who took uji the govemnicnl of Tunis in place 
of t(ir Fatimiili^ when thesi^ ti imsfeiTerl their cupitol to Egypt. 

1 he sett of I hi' Aliuorui ides* made up of Berliers of the ilesert who 
litid gone over to Mohaninit^luniam, coiiqiiertul AIinT*eco in ItMK) .V, IX 
under the leodersliip of Atau Beker. Uh snrce^ir, Vits.su f Ben 
Tashfin, founded .Murrakii^li anil out of the pre^iuil ikv Moroeixi mnl 
wi'stern Alget iu foniu'il a great empii-e, to w hich lie also linked Spain. 
An men -till gn^ater territory, from Tangier lo 1 ^ 1 * 11 ,^ 11 - held in llic 
sw ay of the .Umohades, who wen^ another i^‘4eiitially Brrlier sect and 
<lyna?ity. fhiH iirilliuiit ejMHdi of the IkriKT dominntiou hisled fiivm 
iJ ir> itii I'iWVL I iirtly ill their seniee* the alien Ambic trilies spmni 
mit farther mid fm-llier and as Wnrers of .Mohamiiiedanisni fur^yd 
tlicir language and lo sojiic estem iheir customs upon the Berbers. 
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The kingdoms and dytinsties of Lhe ^[erLQld^ m Feis, the Ziatiites in 
TkimTU. 31 lid of the Uaftiide^ in Tiinia (l±i8) were liIhu eaLsentially 
lU^rberp The fall of these kininioms ^taried with tlieir ince^Hxn 
civil wari-, anil disinlcgnttJon was so rapid in the liftiwnth ts^ntiiry 
thut soon a Kiute of anaixdiy prevaikHl, uiid the overthrow of 

Tunis iintl Algerhi by the Turks in llu' sixti^'nth eeutiiry thus iMX'ajtit! 
im ea-Mjr niatter- Only .^foroceci wjis able to prrst^rve Ua individuality, 
ulld has ever since then lieen aiii indejieiKli^nt stitLe, 

The jlourLshing condition of Tunis and n l3ir|^e part «f Algeria in 
Koinan times must not lie forgotten. The Roitian soldiers and olfiiduls 
were there only in eomponitiveiy small nninlwi^. ColriniKrtlif>n in 
musses had not taken place aiicl lliv grtaiter jairt of the [ic^ pi da I inn 
hjid Phtenieian anil Berlx^r names, even if somewhat Uuint/AHi 
devolopnients in cnltiiro from tluiL tinu': recognizable now 
31 tf! to tiscril>ct:l to the Tlerlirrs, and give goewj evidence of the 
role played by I lie Bcrlx^r:- in tho "'Anihie” pHninL 

These ]X!oplo otrered llie Roiimns is very luinl figivi k^foro succumb¬ 
ing. 'rijc Aiiihs f'lrbi aj>iM'^;kred in Tunif^ in the year <^7+ hut i^ w;i.s 
not tuitil rifk!) that they fully iiiilaine<l this countand orgaiuKiMil it 
as a province under the iisvmv IfHki3i. In USa C)blm was kilU*^l by 
the Ilerl)er chief Koceihu iind the Arnbrt were cumplctely exjidled 
from Ifrikifl. ICverv' pilgrim from Ltiskra visits Okbu's grave in the 
liitk ncLir-by oaaj^ Sidi-OkliUH Koeeilu eHtiibii.Hhcd i>wn dynusty 
]^t Kainvan^ which hud found cal hy tlkbii. uiid uuiicd tlie whede 
eastern Allas region into one kingdom. Koceik Riceumt>cd in GUO to 
3irmther attack of the .^raljis, but the Princess Dina of the Zemitu (a 
trilH' of the ou-stcTii Aim'ftf Monntflinii). roinnumly known as Kahcma 
(Priestess), organiziul the ilefense and agtdu drove out the Aralis, It 
is chattu'terjsiie of the Iterlx^t^? that a vvuuiaii ^^honld play such a part. 
Other iJerlier tnlieti aliXJ had women 3is rulers. 

In 7(>;ij however, deserltxl by the I5erla?ni who were again eiiibnnied 
in civil war. the Princess was overpoweml by a fresh oivslalight of 
tlie Araiitv At lh3it liiiie 12*00fl Berlu'r svars iors wi^n? forcihly exm- 
veried to Molsuiiiiiiedatusm and iiHxiriH^rated in the Arabian iiriny, 

Aftei“ this many of the Bertw^rs, led on by the laioty iu [u’ospcHU. siiid 
liy the cleveniess of llie Arabs in making thoir interi'ids identicaL 
joined with the Arul^s of their own fn-e wilh Turik, the txmipienu' 
of the Visigolhs, was n Berlwr, 

'I'he TJerlx^rH from early prehisloric timt^ have inhabited the Mcili- 
lenaripan tsountrii'i^ of north Africit fn>iji the Heil Sea to the ^ktsmi 
and the Canury iiUhongh they hjtve Iwn expel led from juirts of 
this region and deprived of their language in fsivor of .Irtdiie, under 
the inrtiientxi of MoluvniinedanisiiL and in other ways are more or te.ss 
.VriibiciKc^tb Tliev have m3iiutaiuei.1 them.selvt^ in the tnsrest n:uidi- 
iion in the uitJUJ;it4LLtk;;3} tsaiiCcially those of ^xjui-^tered and miL of the 
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way parts of Morocco- The inhabitiiiil^i of this country are tiot Arabs, 
as irtveJitigators once thoughts and as superlicial oliserver^ sitLll 
hnuginc, blit iilrnoid exclusively Berlins. Tlio quesiion as to whether 
tlie Berbers in a prehistoric age migrated from western Ar^ia or 
Europe to Oieir present territory hm Imm'ii much debated. Tlie weight 
of evidcaice h find, on one siiie and thcii on llic other, ljut n>He»rch 
rather to incline towaril the European tlieor>'* The nwiit ex- 
prefsicn of opinion of Ih^rtholoii, the French phy,nii-ian and anthro¬ 
pologist, linaed on iinvestigations of the prehiidorie atitlquities of 
iiortheT^n Africa Js on the side of n migration from Eiirofje. Tkrtholoii 
says that the builders of the mcgulithie iiionuinents (Dolmen, Menhif) 
of Tunis and east Algeria are of the siune race that left bidniid simi¬ 
lar inonuiiiimts in Eiirofie. The striking resemblance tiI?M> of rertaiu 
iinplenients has indicate^! ii relationship of the Berbers and the 
Basques, Tliis b aliio ixuisidered probable for linguistic reasonii 

Thc prominent h'l'ench norlli African investigator, Charles Tissoh 
declares himself in favor of the migration from Europe, iK'canse 
the hhiiid type of iiiTlx‘r b most fi'^^qiient s<>uth of the StraiU of 
tribraltcr and becromes leas frequent lowarfi tlie cast. The |K*rL(>ii 
of niigiJiiion nittst be set at about IfsOO H* C+, sioce the moiiuinents 
of the nineteenth dynasty in Egypt already repre^jented the Libyans 
as 0 blond and bhie-eyeil ix?ople. 

The Ilerljcr tribes of Jnala and Died Haniiech in Algeria, the 
Krtniiir of north and t.hii Shaamha of the Algerian ^ahai'u 

even to this day erect sepidcbei's which resemble the megai itliic tomlis- 
The scujiilled grave of the Chrisdian woman ” ttombeau d& In 
rhn^lieiineV* n^ally the grave of a Berlx?r prince^ west ivt .\Jgiers, 
which in m miieh vLuteil by travelers in Algeria, and the so-i-alled 
Metlraeen, the grave of a IterlxT prince t Massinissa 0? iM-twcen Con- 
^tantine and the Aure,^ ilountainii, hi ii coontry at preiieiit im ght^diite 
liescrt, nre nothing more than Gnisbcfl forms of dirse iiicgaLithic 
tomhr^ Tlic tent ilwcllers of Tunis even to-day use the saiiie types 
td clay v&xsels- itKise found in the inegaUthic grave cbandHirs. In 
other respects aLii the European induence in ancient times may lie 
retxigiii/.e<L Ortiiin peculiarities in tlie phyajcal type of the Berliery 
may llkowi?* }w traced fur imek* IVith these pecnliaritirw as a test 
die ancient NTiintdiau^ are to lh« differentiated as true f^^rljcrs from 
l!ie Libyans* the Afri» wIioh^ minie h still Jxirtie by the eoniineiit, 
froiii the Mii^yes, and fmiii the (lUttihans of the j^outhwt!stprn Atlas 
regi^m, tribal divisions have [lerKLhlcd even to the present 

day and often have proved to tie fatal to thorn. 

Many of the trilws named by Ptolemy tire recognizable to-day in 
l^tortxrco. In the ^Jiizikes we recognize the ilaaig, the tribal name 
which the Berbers of northwest MorfH!co use. His Antolides are the 
Alt liiJaia, his Maeeiiitcs the J&likiiassa. his Bacnatae the Berguatiij 
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and the tinme Tirninvn (Moors), from wUidi in ortrller tim(?s Mortxx’P 
was called Muuivturiiu, is derived bj' Titsoi and Qnedenfeldt from iho 
Semitic !)rnurim, whidi, literully Iranidated, cntrespoiids to the terni 
which tJie Moi'occans tiow often apply to thetiisclves, cl-^rliaiia, the 
people of the west. The name Berlser wan known l]ef(tre the app(?ar- 
anjjn of (ircekn or Iloiiniiis in TiortJi Africa, and still clings as a special 
col I eel i VO name, llrelwr or Beriiljer. to I he trilies in tlie high centiiil 
Atlas region of ccntTal Morocco. Thofio of the southwest are dis^ 
tingnisheil fi'om them as Schlii or Scbloli, those of the i^ortli ns 
Ainsislges or .Vnia/Lrghes. As in ancient times, there i.s now in N'nbia 
the city Herabrn. iSoinalilund is calliKl Barbarin, and nnother IJer- 
Wrland lies in the country of the Troglodytes betivotm the Nile and 
the Kcd 8cJi south of the fOii't of Berenice. These names indieate 
the wide distribution of ibe Berlx'rs in former times, Kven tlie 
cranial uieasurcments of the old Egyptians show a similarity to those 
of the Berbers. It is to day an uni|Uestion<.‘«I fact that tlie VTiianchfa 
of the Canary l.sles wert' Berlairst. BerlH*r inscriptions arc found 
from Cyrensdea, nt present iiihahited by Arabs, all the way to the 
Canary hies and far into the Sahara. 

The territory at present inhabited by the Berbers retichei^ from the 
oases of the Libyan desert to the ocean, and includes the entire 
westcni 8)1 ham fl-s far as the inoiititiiiri oasis of Air and the lieiid of 
the Niger at Timbneto, and even Senegal, which owes its name to 
the Ik'rlwr tribe Zi'riagu. a people speaking a BerlaT iUiiIect, tvho 
migrated or w-erc-i tlrivt-n there from die soniheni Atlas valleys only 
since the sixteenth century. All the so-called ^foorisli tribeg whom 
the French have ericotintered in Senegal are more or Uws pure Ber- 
iK'rs. Everywhere in northwest Africa the French and Borlwrs are 
standing in oppi^ltion to each other. The Tuaregs of the werfern 
Saihara, who can Iw considered now as conquoretl by the French, arc 
Berbers who were forced into the desert only in tlio middle ages, 
unil who must be considetml among the least mixed of all the trilw.s. 
Tlieir incessant struggle with Htarvathm in a taiiil so scanty in prorl- 
ucts lius rediict><| them to tin astoiiitilungly small mimlier and trmiH- 
formeii Unmi into desert bumliU. According to the most rctX'nt 
French I’stimatcs the two great trilies, tlie ITogar and the Asjer, cun 
I»lare, respiwtively, only 1^(X) and 300 warriors in the field, Tlit: 
language of these pimple L? entirely free from Arable wunls. I'hcy 
isissess (i script of their own. which is iiseil, however, imly for imscrlp- 
linns on their shields, on rocks, and for vers«*s at their occasional 

Tlie Shaamba in the Algerian ^Sallar«, who wen* not much more 
than bandits, hut who have Uvn entirely snMued. arc also Bur- 
lien;, The same is true of the Inhabitants of the oasLs gmiips, Tiiut, 


4174^0—OfS- :^y 



504 A^>UAL RKI\>BT INi^TTTlXlON, 

Ouriiru, utid Tidib4t, riHX'Htly taken by tbe Freniili. TLey belong to 
the old Berber trilw* tlip Zeiiuta. tiiitl number jiul 400^000 m is imially 
iisstimed. blit only r»0.(M)0* ^vhieb indicntes tlmt this region h ulsu very 
sterile. Berbers lunke up iihiiost entirely the inlmbitunts of the oases 
uf \Wi\ Itir anti the Ttinisiftn Sahara, ajici hJ.ho the fwople of the oasis 
studded desert plateaus extending from the Iwnd of tlie I^esser S^ rtLs 
lit GiiIh^s to ihe we^em liujits of ihv Greater Syriis, The semi- 
nomadio triiies in the hilly country extending along the mast south 
of the Atlas ]\rauntain.s to Cape JiAty are likewise Berlwrs, 

The ilrincipat home of the Berherw. however, Ls the Atlas region, 
iilthoiigli until reiH'ntly they were all ronsidered Arabia oti aceoiml 
of the gene nil preva I en ere nf the Arabic languagi* and 1>eeause tin* 
French have long pcrsisUtl in the unfoTtimate error of not differ¬ 
entiating Arabs and Berbers, and have generally spoken only 

of AridiH. Yel how fundamentally different are they in physical 
and mental charaeteristit.-s! 

'I’lie numl>ei' of pure Anib§f in all northwest Africa is very smalL 
Even thi." coutpjcring invader^ were few^ iii nunilter, Ixith actually 
anci in coinparLson with the Berl^or folk which they eiicountered. 
For how^ <njiild any great nuudier of truly nomadic pcuple Ik produced 
fnaii rhiidy popnhited Arabia? It was a small anny according to 
nur ideas. The results they accompUdicfl were due tu the idea tliui 
the soldiers repix^iited* the reckl&jt? fanaticism which possessetl 
them, and the disastrous political and social condition of the people 
they encoiitilcred. 

The firHt .Vnib inlUix of any great extent took place in 10f*0 A^ 
when the L-entral Arabian iioiimd tribes Ulcd Hihi! and Uled Soleiiin 
aniMiintiiLg at nnist to alsiiit 350.CKK), entered the country- Witli tlu* 
iximiag of iht^' uomad luirdes the wasting of the country begun. 
Part of them jiIhj i^?attered over the Sura ha, and lieing herdstneii 
they uppropriatiHl ilie plains and valleys by preference^ and foiieil 
the Beriierb into the iiioiintaiie^ They [jcnetrated gradiially even 
into the ex1ri''ine wetitern parts into the pluims of ihe Atlas foreland 
of MoroccNrn, where there are tu-tluy Arab trilKs like the Amar, who 
live a little south of Tangier, the Kblot and Tliq, la^twccn El Ksar 
and Lanislu ihc Howanj in Snsand the Vkd Delim f^nth of Tensift, 
wlu> have inaintainod themselves Sn such a pure state that they can 
Ik‘ rct'Ogiiiised as Araljs by their pbysical peculiarities^ although I hey 
have nssiinietl many of the HerlxT clinracterLsiics. They have re¬ 
mained nomads to this day, or til U^t are seniiiioznads even niiikr 
Ihe inllucnee of ihe most favomhk conditions of land. 

I low many pure Anilw there arc in the Atlns region is very difficult 
to iJlale- Ilamv has ftTOntly eslimate<] them to be about 110,000 in 
Tunis, out nf the one iiiid a half milhon in habit u tits;. The tribes of 
Hameiini in s^mth Tunis near (kfsa and the Kiah U-fween Ed Djeni 
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mid Sftcljez cl Cab nre Arabs. Turtle being an open juid acc^ible 
cuuuby ifi especialh" fitttrd to encourage u mi^tiure of the two ruces 
and 10 allow the AntbiciKing of the Bcrl>c^rs to progttr^^ iuo«i rapidly, 
iiltlioiigla the Berber hi ethnicfiily predainiijniit. It Li a fac^t tlioU eX' 
cept in the tslond of Djerba and the mount aiii^ of Arad in aaiiLh 
Tnni-s tbo Berlicf huigiiii|^!i is left only in a few villages of nortbcni 
Tunis in tl:ie region of Enlida (Tacruna. Djci:adn. Zriba). The 
dialect of these villugt^ h like that of the Shiuiia of the Aim«s Mouii- 
lairiJi The physical iyp^ of the majority of the inhnbitunts, however, 
a lit] their custorjis sire jusi the same as Sallust atid Pomponiiis tie- 
stuiljcd. TJie (Tiirbi thuls niude of twigs) an* SaUiisl's rpinpalia/' 
In Algeria, where tJie French have neglected to establish the relation 
in nnniliers lx*twcen tlic Arabs aiid Bei^hers, an iitithority has fdaten:] 
that their number ii^ so small lliat they will entirely tlisap[>ear in the 
near future. The same is true of Morocco. Tliet^ facts ore kss ap¬ 
parent Watise ninny BerlK-r trilwn are so far Arabicized that they 
hiivo nut only given up their langiiBgc and, in many coses, adopted 
Arabian custoniii^ hut cooiiider themselves Arabs and annotiiice ihiif as 
u fact. 1 observed this state of ulTairs among the Froshlsh* a semi- 
nomadic tribe of central Tunis, deseendants of the Frt>xc 5 i. who Inwe 
lived in the same phi re for twfi thousand years. Their neighljorSj the 
;^fajer. (iie MatmutOjand tlte ^rghejiiiua^ really a league of tire 

also HerberiL The people of the Kerkeuah T.dands and of Jerba seem 
lo have mairibiintNl themselves in a very pure state. Among tiieiu- 
stdves they wpenk only Berber. 'I'hc well-known KrumJr ancl the 
Alogixl in the mounlain*^ along the northern Ixiurjdary of Tuiib are 
libew ist^ HerlaTs. Tiic foniicr nundicr 1^5W, the hitter 
The Uhiatiit known fur their wild freedom tif life, who are the 
giiui-dians of the most importlait rente of commerce which runs along 
the geohigic and orologii? hoTimhiry line Ijctwwn tin- Rif Mountniiis 
uinl the Moroccan Atlas region from Fesi towanl the cust^ and con¬ 
nects The river rotmtry id Mulnyii with the Athis fortdftnii of xMnrectjo, 
cemHiiler tlieiiisel ves Aiaijiij- ahliough they are pure mid typical Ber- 
Liers anil still speak Tamazirt to some estent* 

I tow this Arabicjjsing h accoiiipUshed may very w ell oWned 
around Tangier* All the eiivircjiis of Tangier and all the villages in 
slight of the city were settled during the last two centuries by military 
liiJonies of the government, the [x-nple of which came from the Eif 
regjun and alniost all of whom even yet n^gniste tlie fact that they 
origin a tdl there. T liest? ctiloi lists have now forined. a new tribfv the 
Vidirjn. but sirict- they arc economically entirely ilependent on Tan¬ 
gier. for whose protect ion tlieir colonies were e^ablished^ they have 
iicipnrrd the Amide more and more. The ^dlhiges on the 

>=<nitberly t:lope of the suihI] mountain niiigi^ to the wi^lward of Tan¬ 
gier, Oil whose western end staiicfe the lightdiouec of Ca^w tipartid, 
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aiHi tho only pluivai ^TbtTe Berber bs still f^pokeiL uikI this is because of 
llieir isiitfltcil hicutiotL 

"rlicev whmii visitors to Tmifrier see in the markets uml 

think urt^ “AmbM" wre iibsoluteiy pure Rerbt?rp:, Tf urn of tlieni tvah 
dres-soil like a iTortnati ffecisaiit no one would doubt but lliot he t.vsL 4 
really witat he sctaoeiL The inhabitants of the city nf Tangier itself 
aie namrajly aLstj very inueh mixed with the Eerlier element. The 
tribes that inhabit the coiinliy liaok from the coast citit=w of Alorcjeco^ 
tvhieh has been so mueh disi:Mi!^^l of latOt are nil moi'e or less |iurc 
Berlx^rs and in some degree are seuiiuomads- 'Hiim is cilao true of the 
SUniiiii around Cnsatfbnca, the Diikknla around ^^lasagniii tiie Sliednin 
aroiiml .^Ii>gailoi\ the Sernnitir a ml Zjiir n round It abut, the Beni 
Ah sen on the loiver Sehu^ and farther in the mount a ins the Zaian,, 
f reruam Beni MgiUh Binii Mtir, the lieni Ijaniiin vrhom SegoiiKuc 
calLs the ugliest of all the Berlwrs^ the A'it Yussi^ and others; tii fsictt 
every triUt Avith whom the Fi'ench will next have to deal are Berlx*rs* 
Strtue of these tribes diinb high and i>e net rate into the uu mi i tains in 
the eiiiiimer iitne with their herds und ai*e very active and diliicull 
to control. They ai^e able to elude every superior foree^ as the Siil- 
tairs flmiios have so often discovered, and nin inflict the sovorest 
ItK^i^-A on their rneniies by enticing them into ambuscades. 

In Algeria the French have coiilrihuted eiiortutnisly tcithp adoption 
uf the Anih totigiic by the Bt^rher^t Un-Tiithfe the^' Iiave fur decades 
consideml nil the nntives as Andis and have forced JTtjhaimiJLHlufi 
govemnieni, liiw\ mid cLib^ioiiis ntid thert'ftJre the Arab laugtiage upon 
iheiu. Vet. in 18oU. Hanot can, a profound Htiideiit of the IJerbers* 
i^iiiiiite^l tlti* iiumlHT of the Berime in Algi^ria to l» ^TiO.OOO. the 
great Jiiajorky of the native jmpulatioiu while he reckoned, the Arabs 
at only one-?ixth this nund^er. 

The ^rari|Uts de Stgonzae^ another etbnologictil aiitUorUy\ says 
there uu longer any purt^ Aml^ anywhere in AIoivmzcOp 

Tho Berlin'rs physically ai\' an extraordinarily powerful find sturdy 
tiiee, slender, mitscitlar. sutiievvlmi alxive the average height^ but 
with no tendency to wan I fat. which is t^uisiderod Ijcconutig only 
among the young girls of a few tribes. Their endurance of iKwlily 
exertion und privation is wonderfuh hut ol>ove all they excel in walk- 
iiig and niuiiiug. The Rerlwr couriers; who carry the (iernian mail 
in ^Morocco cover an incr^^d^hle ilistam^, as mneh as liM} kilomoters iu , 
tweiity-ffmr hours. Wlien my attendants traveled 40 to 45 kilo¬ 
meters on a stretch they showral nut u tnnw of fatigue. They uH 
love exercise, Tnltke die indolent Aniljs, they are very fond of phiy- 
it]g hall, untl have eveiywhere* us in our eountty,^ rlul^ for f^hooting* 
fencing, and the like. 

Tlie warlike teiiJetiev gives rise al^i hi standing feuds among the 
lUtlerenl iribes. Thci^ feuds were fumierly purposely iiic<iuniged 


THF: MF.fHTEfttlANtl.\JC PROPLF-«—FWHKH. 


507 


hy th^' (iovmiiiiLdst. in Alufoe^xjj in nnhr tn wikvn nnil honiit 

of the triberi. TIk'V woiilil tklivi^f nm*. iriiMN wiLli whom thc\v miilil 
do uothiug hy fnir nu+aiLH, iiver to ^iiolhur or otlK^rs to Im; 

"'oaten up/- Tlie^ uhvavs* curriocl onl Uio coniml^ion sis dinmngJdj 
os possible, S4> I tint the imphi cable hatred of the eonqnemi people 
wasi ronderofl inotfocti^T? for a lon^ tiim?. 

The lierlM^rs an? ondowt'il with all the rbaracterktics, physical and 
intolleetunL which go Lu iiiuko superior soldjors! [K^rsoiinl braTory, 
ficfjm tjf death, and sobriety. Hio Froiieh would Ix^fore long huve 
had nil of thriii orgnoiKOtl into a largo army, but since hy so doing 
a Iiostile fonfe would lie nsiseiriblec!, only n few Lhousaod men were 
enrtdled. lierliers foini the principal part of the I'lrailleiir regiment, 
tl is to 1)0 olJservedH however^ that lliont* pliysitiit ehartteteristics* as 
well as the astonisliing longevily which was noted even in the Uomun 
iTLscripUoris in the esistern Atlas re^on^ are to be attributed in the 
fact that only the strongest by nature survive the lack of care iltii-ing 
childhootl. 

The skin of the Berbers is light brown like the sonibern Ei3roj>eanfi^ 
their hair is usually brown, though freqneiuly blond, and their eyes 
are blue. Their countenance is 0|teJi. fearless^ and inlelligent. and 
their eyc« full nf life. 

llte Beni Mgild of the central Atlas region of Morocco arc tertned 
reddish bhntd by de Scgoiis^Jur^ the ncigfdKinng Ait Aiach am also 
osiially blond and bluc-eycfL according to him. Tlie Fidicya nr mind 
Tangier are mostly brown or blond with bine eyes, nnd Clu 
maintains also that the blond element is iiKJst frefluent among the 
Berbei-s of the Moroccan .Ulas conn try, ivhcrc they have retained 
I he purest type. At leJLst nne-third of all the inhabitants there are 
blond. The same is true of the Berbers of Jurjura and of the Aures 
Mountains in Algi’^ria, 

Colonel Lartigue, who has niflde a comprehensiTe stiid}^ of the 
f^hania of tiiesc: [iionntaiiis. says that they closely resenifale Europeans 
mid often have blond luiir* although they am gonerully dark. They 
are wiry' and thin and tboir average height is aljout Uo nieiers 
(5 feel inches). Kolxdt, the tiorniiin [diysiciaii and mil lira list, 
asserts that among the Mitianali west of Algiers half of the children 
have blond hair and lihie eyes, uml even UTUung the a4.hilts tliere is a 
striking number of blonds or of tlioto? willi light-brown hair. The 
Bcrbei's of Jerha also am blond or have ches-tnid-brovrn hair. This 
characteristic in verified by the tddest extant set nf ^failing directions 
for the Mediterraiieaiu the Stailiasmots in the hitler half of tiie third 
contnn" A. I>« where these BrrlM^rs are mentioned as blond and ver” 
handsoiue. 

The fainnus poet Kail ini achos^ a Cynencan Greek of the third 
century B. C« alw? tells of the Ught color of tbo indigenes of Cy'rene, 
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while cjii Ehe Ivgi^piijin inomimcnts^ rhe l#ibytin!S imd Tiimflhii& sire 
represented whh European fejitnres itnci hinnr! hiiii\ Wlten the 
Spanknls cii.^ccven?d the Cannn' found then* ii bloml 

untl brown Lv|H!, Tlmt [leople hiivc LjnnKiderrd ilny^ bloiKl Berbrii^ 
na r£iiinant!:i of Iht* Vandals may Im* jnejrely menLiornrd. 

Tli^ Berk^rsT dirvvi ci^ntrnHt in the Arabist hn^^ u gimt iibility 
for grits pi iiif iileaf^, dS|x»ciallv pi'aciiad one^ nntl lieive great mpncity 
far work. Herl>or jugglers, often of rt^niEirkjiblD ilestrrity. Ip'avel nil 
fjviT the worhb ami nre kroivn even in Gemimiy, wbeix? ^nie of tjioin 
Intve fcfervefi m teachers of their language. 

Tlie Berber is piiRsioriiite unil easily moved* but at the some time 
serious* even sud. He has ii gi-eat dral of pi-rsonnl prkle* as I kimiiv 
fjtjui iny own exijermitt;, and rr^senlH iiukind mid inconsiderate titvU- 
nienu a fuct that many Euro|a'aiiSi seeni to overlcKilL X Berlwr 
krejjs bis w'ortl. ^I'heir acquisitive iraftbietH aiie highly dcveloiH'^b 
Imt their food and domestic armngt^iients nre simple^ even in great 
prosperity, Bich and poor alike wear the same b^nled and taltered 
IniniouF^ The Be^iliei's value pt^rsopol pra|>erty highly. Many Ber- 
l>en?i from ^ouih Tunis wander toward the city of TiiiiiR, and manv 
IJertwr uiounidin !ind oasis clwotlcov of Algeria travel to Algiers anti 
other const iiittcs to save a little isiijn of mniiey (ind then return In 
I ho home country, to which tJicy ding To ith fully, riiul (my a bit of 
lanO ami a little huiii^ the desire of every licrlHT. 'riiottsnmls of 
Lluoii Inivd every year to Algeria to work on the raili'^wuls, <tt 
harvesting, on harbor works, in tninus, and in other ejhcU places, in 
order to earn money. J have myself traveled with such grou|is 
ftH- «ijnr time in tite interior of the Moiwcnn Atlns foreland, to Ix*- 
e<nnp familiar with their views and ex|wr1ences. 'Flit* Uerbfts are 
industrious ugricnlturulTsts and tree ciiltiviitoro. In the mountaimT, 
where there is a local overpopulation—in .Jurjiira there are altno^i 
IM people to tlie square kilometer—they have terraced the -ilopes and 
artificially irrignlcd unci fertilined Lhem in order to make (he most 
pO(Ssible out of their valuable ground. Every available fool of enrtli 
is made lise of. In this; way llleV have tiiinsfonmd sevenil tiiuiintsin 
districUi into very lai]dMcu|)« gardens; for example, the inclines and 
vqlle^vs of llie Serhmi. the Micred monninins neiir Fez, the slojies of 
the Alius near Eh'nmat and tiie .fiirjura and Aiires monutaiini of 
.Vlgi^rin. Ill the Serhuti the prcMiuct.^ of the olive and % trees Iming 
the necessary' ri'ady matiey, while in the other iiioiintaimi apricot Ireiis 
fnrnisli this. 

How valuable ^these irrigated garden lands can become in thisse 
com para lively thickly populated motmtaiti districts is sliown by the 
fact that in the Anres mountains n hectare is worth as much :is 
IC,MOn francs. The Lslnufl of Jopha is one great garden and nrehord. 
It is astonishing to see how the lierbera have been able to adapt to 
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cultivation the drj' nnd rocky innunluitis uf southern Tunis, espe¬ 
cially in the territory of Arad sniith of fTlmlies and of Tripoli, 

Bee culture is curried rui a'ith vsp;*cinl atciil by them, and wjix k 
therefore one of tho exports of wntheni Morocco, 

All the Berbers seem (o have a Jeiiiiiu;^ to a seillctl lUid nj^icul- 
Inral life, although it must be admitttsl that those tribes which are 
known as semi nomads or nomads only are cultivators fiv*iu necessity, 
Tlie Berbers are also clever artisans, masons, joiners, weavers, pot¬ 
ters and the like, 

Potter}'^ anti woolen weaving llourish in .Jorba. and the purple-dye 
industry has l)eeii carried on there for a long Lime, while tlu^ wutden 
trade of Tunis is almotst altogether iii their hmob. Tanning, dyeing, 
ijoajj making, leather working and the like are carried on in other 
places. The Mojuihites are especially skillful riitnrcliaiils. 

From u moral point of view the Berbers show great contrasts. An 
authority has advanced the opinion that " pure Berbers have pure 
iniirais." TJie mountain Berbers of ftif and the Berbers whtt are 
the least mixed t*f all are recogniml as csptjcially strict morally. On 
tlio other hand, we are assured that there are mmiy trii*es with looso 
ctistoms, who are of ancient descent, at least the oasis tlwellers <if llu' 
great deserts come in this category, • * * Wives are Ixxight i« 
some regions, yet in many tribes die pt^tion of the women is much 
freer than among the Arabs, as is shown by the fact that they go 
unveiled. 

The Berbers hn^'e been altogether won over to Moliammedunism, 
yel that religion became generally known only in the si.viecrith cen¬ 
tury, and was then only outwardly observed. The Berbers seldom 
exhibit religious fanaticism, least of all in Tunis, The .Tebala ilrink 
wine which they make themselves, as well as buying it from Jews and 
ChrUtiaiis. so that drunkenness, unheard of elsewhere in the world of 
Islam, ia not jnfretiucnt among them. They also smoke kif immoder¬ 
ately and eat Imar meat. The saints* lomba, wliiclt are sometimes 
small cubical strncLurre with domes culled Marnliut or Kubbu. imd 
sometime.^ most(ue-like buildings, are always carefully covered with 
white paint, and therefore are visible for a great distain^. These 
are verj* much reverenced, e-Spechdly in Morocco, and are very numer¬ 
ous, while tnosques arc few*. Sherifia families, n'ki liecBUse they are 
descendants of tlic prriphet are considered as holy and enjoy cs{H!cial 
privileges, are frequeiiLly found and often form entire villages, 
TItest! are of course Arah& (iccasionnUy especially prominent sherifs, 
i, e,, descendants of Moliatmncd, succeed in makintr [tence lietw^ren 
tribes who ore in blood feud with each other, and everywhere act as 
protective guides and make jmirney.s through hostile territory possi¬ 
ble. The only places I have esp<,*rienee<l iinfriendline-ss in my travels 
have been these slierlf villages, for, dirty oml ruined us these holy 
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l>hires iisimlly iim Uk* <1ii isti[in luiiy nui i-iiiiip tinir itue lit: 

ihlUv it* iirder^ ami jiby si greiLt [iiurt lit 

BerlK!r litiK TIkj^s^ at Uie Jlu td Ainiit in snulUem Morocco ure 
\^ry iiiiportit!it ni 

Tilt* the MoliflTwmedan cal^ndnr in poUtical, municipaK 

nnd ivligiou.^-: ji{Fairs, ^vliile f<iir the seasons of the a^iciiltnniE year 
tlip Roninn or Christiiiii calendar is in use. The great agricultunil 
feasi of Aiisem therefore falls cm the siinitiu^r fiolstico. 

The flgricLillnnil calendar of the Muroccmi Berljf'rs, as well as that 
nf the Fali^-ya. has the following inoatli^r deiialr^ FebraTr. Marft. 
EbriL ihiio, dunio, Jnlinst. Aghocht, or GhocliL Chiilenibirt Orlnla-r. 
Niiiinibir« DLidjanihin Even the Tuaregs of Lhe clesi’rt ant ill have tliis 
m-koiiing of tiine. The Shaiiia of the Aiires MountnirLs, who slill 
keep up lEianv old^ originnlly Christ 1110 customs, still ce lei irate Christ- 
iiiafs under the name Bii Ini, The first day of tht' year is unii^ersally 
railed Junur (damiary'l, On this day all clotliea are washed ond all 
utensils in use changed. The new 3ear"s night is cidehrutcd by u. 
feast at which iiieat and eggs are eaten. Six w'eeks liiter^ when s[>ring 
iK'gins, I lie pciiplc of .ME^naii have a country feast, when they iiiari:h 
into tile woods to the sound of the thite and come hack decorated with 
branches and herl>*j. 

llo- Bcriaus are n thomughh'' democratic folk. es|iecinlly the 
mountiiiii peupJe. In this ihev" ditTer fundamentally from (be Araijs, 
the JeniEMtu n conittion council of Llic elder anti more ijii|;H>rCunt nieii 
of the village or trilx^ takes care of the loeul utfairs. hjverj^ village 
liEis it.s common halK iMtH^a-Corfa. which often also serves for a 
magazine for weapms and giniiM>wder, as uitiong thi? Jelmlci* In 
.Jnrjiira the cr>nimciii hall penerully a simple :stone structure with 
I tenches within^ at the entrance of die village. 

The Cf}n-M:ioiisnes 3 of any racial cotmection seldom goes fuillier 
than the trik^ There are a nuiukT uf eonfe^lcrations, however, 
which prevent in ii measure the iHertnil fends lietween the ivi\m 
As far as the I'>ench have cnrrieil thi ir dominion they have put a 
.^top to theifc feuds. Tlie fa .d lit at ion of travel f<H' which they are 
resjjon^hle, and the activity of (he widely distributed reliirions 
t^nlers has had the result, however, of making the widely st-purated 
Inijc-i kiiEiwn lo each otluT and of wakening and strengthening the 
hh-a of nutioiuil unity among them, ThL^ condition will k: of gix^t 
iHirMirtiiiat? in fntnn? cvi'iitii. 

Tht* of tlie Berliers nrt consistent with tho wnrlikc 

imttirc nf tin- [JWiplc, tn llic prccuLlinjf insecurity iiikI tn the tojiu- 
pineal conditioro^ nveH- niV'iitwuys sruaU villugi-s, ns js natural 
ill »ii ittisorilijilty (ijiricnltiii-Hl |5opiilation, iiii<| nw known aiH Dehor 
(plural Ddnir). Ksar {plural Ksurl, and also aj. l>«’lM-ra, I^rg? 
Mjtilciiieiiti. like cities are found only in the oilscs aiid in a few wide 
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lifid wi.dJ-\v Slights I vji]li'y>. All hinvi*v«M\ 

itrp injii.'tTs^^ibie iiiu] forint-1ila\ oii an i*r a I'lilF 

ill ji ttiiijmsiiuliiig pijsitidii aiul fmni a ilLsIimce, Th« Vmh 

low stonp diivdlin^ un^ ^myniily Iniilt in a diTk wiih tlmr biiirkr^ 
Eiliyttin^ on earh other, tlmt they mny forin Uie ^tirroonding wall 
(pf tlie little fortn^sji, wliidi is entejietl liy u single gate. Even the 
III on? recent vilhigi^ of tin? Enli^yn itroiind Tangier are built on this 
plan It ml witli this sort of const rue lion. They oousif^t of nothing but 
liltle high lying groups of iiny straw-*»^'ered houses or Imts woven 
Ilf twigs f(iiirhi). Three of thesi* geriertiUy fonti un endostid courU 
uml the whole vill!igi> is surnMiniled by a circular or mrtaiigular 
^vall nnnie up of the I sick of the lioi]si?s or of a tliiek^ ]tii|>eijetmble 
litnige of opniuias or cacti, ll is the same way in the Berlwr tnoiin- 
1IIill iicsLs of central Tunis, liargtZ;, and Kesstmi. Among tlie iMikyyii 
there genernlly stands in the plazii in the interior ihe one-sioried 
w hi te-t lilted hoiise of tlie Moi|adcterj| or ma gist rate, g^-neruliy the 
weiiithiest mao of the villagi^ In front of this house, nriiiler the 
ahaile of a tree, the Jenma, or town counciK is convened. Here also 
is sitiialed the nwiisque, when prcfsent. generally nothing hut a hut, 
wlicre school is also heUL Tt serves, tw, as a sleeping piuce for 
Moslem guests, 

T foiitnl the Berla^r villager in the plains of southeni Morocco also 
hikilt ill a circle and fortilieti Isy an iinpcnelrahle wall of lliurriiS 
(Zh^jp/tufi Lot^iJi Ij,) with only one entrance, which was closefl at 
night al>;o by a gate of thorns. It would not lie am easy thing to 
storm one of then-^ fortrexst^, Roriietinies the lay of the eoiuitry docs 
not allow such n i."onKlnacni>n; then tlie little houses aiul courts ascciu! 
the slopes or teiTEices like an amphitheater and are geiterally |>erclicd 
on top of ns steep dcsdivilies ais [wssililc. This method of settlement 
has put the Berbe^rs in a position i>eculiarly suited to [x^r|>tUiiaie llirir 
language and customs. The HouiLitis were never able to conquer 
.Tiirjunu the so-called gmiter Kahylia, and therefore iiaiiieti it "uions 
fernituK," and (he Ert^nch have succi:‘c<li?fl in doing this only after 
Iwcnty-s4?ven years of hard struggle. The .^lorrtKrun Atlas nnd Kif 
nKiiintoin reghniH m-e one great fortress of this kind. It is to ive 
further rennirketl that the mountiiiu Berlx^rs gnuicrfiUy build strnng 
cfLstlex with stone or tntid walls to which they bring all their stores 
mill vuliiahles, each family Iniving a s<?panite room. These CASth^. 
serve as u place' of refuge in war limes. All the heights un the eilge 
of the high Atlas Mountains to the south and casi of Alan^kesh, 
especially in IXminal and Entifa, art' ert>wnod w^ith such stroiig- 
holds, resembling the ruined t'asllc^t of fJerniany. Thesti are calleil 
rirreml. Ihe strongholds in the upper ALiihiyu legion an* like this 
als<j, Tliey at oiicc reminded me of the church fortresses of the 
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Triiusylvjioi[i!i ficniiEns. or ilw so-t.Tilled which Vmill 

for iriimiliir 

TLestr forts ai\^ cuwuntcrcd llirou^lioot Lli«e whole territor}" ip- 
IoiImUn;] hy lierljens In ihc A ares Moimt-ftina these joint forliiied 
stonjlipiiE^^ HIT? kiimvii tis (Tehni or Thaf|elet (fort)* TIiq villEi^e, 
i>finKists uf low ciiliiciil InoisoH of or uir-clrieil briclv, is 

^MOTrilly Viiiilt on the urountl the (TelftiL .Many n (idufi ewn 

1h? entered only with the help of u rup^ ladder. 

In the interior of central Tunis there ai-e ntimemiis flai-tnpisifil 
Irt?aks which form natural fortifications and hare invited settlement, 
'rhese have there the s;inte name, Kelna. The fine iiest known is 
KalaHt-es-Seniinu wliicii iluieti from liic Romun |>eriod^ luitl in the 
Itiler liihtoiy of Tunis lias lieen the center of the resisUince to the 
It i-H axxfs«ihle uidy by ii stainviiy hewn in the iwk* 'Flic-^ forliiiwl 
storehuust-s iM-e met xvilii in the rfreutesl iiumliers in the soulhem 
Tunisian rtigfori of Arad on the tferried mountainous cliff tvalls of 
llie fTTf at deserl plnteaii which runs caslivurtl from tlu^ lesser K>yi'tis+ 
Here are ffiond nsal fortified cities like El Mudeniii and Mehuner^ 
which form the KforelirnnH'^i of entire Irilies and even cnnfcilerations* 

El Mndenint the nlurchuuse of 30,000 nonuids id the pure ItprUer 
trilas of Er^lieiiniia, is inhabiltH] in winter only liy the j^inrds and n 
few traders and Innkeefjcrs, when all the Berbers have led their herds 
far into the desert, rroni the iiLside, ihe six or Htwen fttorietl houHCH 
seem like opim honeycombs. The 3 " are nothinoj more than snuill 
urchfti rooms one n\ymt^ the other enteiVKl by pushing awn)" a stone. 
Where possible these j^eat stot^lioiiscs an? placed still lusher on the 
rlilFs anil have a door only on the slcepesl side. Tin? Berl^ers of ihU 
regfioii, especially those of the tribe of Matmata. lie^ides living in 
du»se mountain nestst also Inhabit caves nilifieially excavatcil in the 
nidinesof the %'alleys in the rhiyey marl whicli is siiJDciently hard ff>r 
the purpose. Qiiiti? a niimlM^r of villager arc? niaile up eutirelv of 
these cave dw^eiltngtf, so Unit they may ahiiost b« called TrofilfKlvtu 
mmintaiiiK A Innntd leads into n large, generally rectanjjular. court 
which is open at the lop. and the dwelUngs and stcu-erooms 0|>en into 
thi?i like stalls. Th^ regioP&, theiv-fortv ^vere practically iudcpenib 
ent of Tunis and were only conquered liy the French in ISS^^ Ttie 
Tunisiau aniiy wiili Sts cannon, which visited the region In luul 
to withdraw from one of these inountiun fortre&^efe, Ksar Beni 
Kneiier, us tlmy femnd it iinpregnabk. rtiere are also cave vilkge^ii in 
the Aures MuunlAiiis. 

According to Freiich statistics, of the mjm dwellings in Tunis 
in l8t!*0i iHrtXiiO wort? tioiiiscs aiirl SEOOD tcut 4 ^ T do not think, how- 
ever» ihaf in Algeria and fitill ler^^ iti JlorcHrtro the number of tent 
dwidlei^ com para lively m m llie open and penemlly level 

tviiniry of Tuidtr- The tent dwellm need not be all accoiuited os 
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pure noTnads. for most of them trmy properly Jw rankwl ^mv- 
3inmod?+ Til 111^3' lio^vrver, the>' lire i^hiftifig mill evasive. The 

(riit villages of tlie ^minomaijic Tfcrbers? are also built in eirttilar 
foriJiH as inclieuted b 3 ' their luiijie, Oitar. Tlie eattlr are iirh'eii 
into the eijx-le enrh night, so that vrheti I was among the Beni ^Vlkson 
of the Sehii plain of Jforoeco niv' tent, pitelieil inside tlie ring, on 
neixamr of the pixslutary Zeminur, Biood in the midst of herds of 
crattlr* 

Tlie kngijflge of the BerlwtH. the Tarnazirt, the preservation 
and spread of which hn^ oltead^^ l3i:cjj con^irlered^ has been i<My 
little investigated as yet. It is hniken up into a nuinber of diaUxas, 
as might be exfwcted from the wide distribution of the ]ieopIe. Thi;i 
study of it makes eomprehensihle^ however^ the nieaniug uf tlie few 
fruginents of old Libyan inscriptions which have mtm down to iih. 
for on Libyan monuments of tlie nn^ fouinl script churaiHer^i 

still used by the Berbers, especially in the alphabet of the TuaiXig 
Ilogar. 

It is only since the Targi alphal>ct (Titinagh) has l>een knowis that 
it has bf^Ti possible to undertake in eajTa«3{ the ixiitoration work 
which began when die blJingtial iiLScriptiou of Thugga in Tunis 
foiiruL There is no doubt but that the jjresent Berbers speok essen¬ 
tially the same language as their forefathers of the Buinaii jieriud. 
The Libyan alpliabet ivns then always iiml, hut became olisokte in 
favor of the Arabic on account of Mohajiitnedani^ni. Still it is as¬ 
sumed that Ihere are old cfipiix? of the Koran in Bi^rl^er characters 
among tlie Rif lierliers. 

The total number of Berbers at the present time may be rmigldv 
estiiuated at fixmi 12+(X)0.(K)0 to t5,OflO,{XM). 

In die Athi-s countries there must be dilFenentiated from tlie Berljci-s 
not only* the Arabs, but also tlie sfj-cBllfxI HiKirs. L^mkr this iiutiie 
are usually included all the Ambic-j^pE^uking city' dweller?? of thi-se 
ctiiiiilries, Tliis is a greatly mixed element of ihe |>optihition. The 
prineiiml stock is without ji doubt BeHwr, since even now Berlier 
blotai is being cxintiEiimlly mixed with these '"city Arabs,"'' m they 
may be w ell called* The most varied collection of other ttunpunents 
enters into the mixture, however. In ancient times tlicre were the 
1 linailriau iintl Itoman colonists* then the Arabs am!, i^fipeciallv since 
tlie fiflrenth LWtury, die so-calleil Andalusians, Mohnmmetljin eiiii- 
grants from Spniri, wlio spoke Spanish to f^oine extent and were very 
i>ften engaged Jti piracy* Thi:^ brought jeans in great iiundH^rn 
from all the Metiiterraneaii itmatrics, many of wdiom w'ere al^irhed 
in the AloliummixJnn population, becoming renegudes. Christian 
women and girls were alsn brought and put in the harems, 

fmmjgnitiojis of dews into this territory^ also n^aidicfl well back 
ifitt» the Kojiiaii period. In Cyrenaieu in the begtnniug of the iiecond 
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miliiry A- D*, Mity ivtTt'- pliinning to foriu n stjHi* ^jf their owtd* 
more fJewi? followetl in the triiin uf the anti those I'etiim- 

ing fiuiu Spuin ssprcud theiiiselvesi all over the coiintrj*. 'Fhey aiT 
commonly dty dwelleraj here elsewhere ami aiY* generally eiigwge^l 
in mereiiJitile huKine^ or in money ImntlliJig* birl lliete are also many 
artisuiL^ utiiong them. In iSoiwco tlioy are lltuited n nile to liieir 
own fpiarter of the city (the Mellah). Single Jewish families anil 
small gTonps of ihem are foutn] everywhere in the Atlas i-egion, even 
in the innermost valley?i of the iloroctsLn Atlas regitm* ^lost Morwv 
euii tiiitls have a “ court Jew ' • for their money off airs. Tlip Marquis 
do Segon^ac even found fortifietl viJbgisv of Jewish people arme<l 
with weapons like tlieir Aral) and Berber iieigbbora. Their nuinlier 
5n the whole Atlas region probably does not exceedaltliongb 
they play an important part in the couunerce of the tsootiLry. Politl- 
iTally they are now very inllueuiiaU been use since their emancipat ion 
iti Algeria tliey have ijecome ever^’where the exponents and curriers 
of Fretith custoins and lunguagCt w liidi hss made them doubly 

hated by the natives. 

Tile fireeks, one of the most jMJW'erfnl of all the Mtaliterniuean 
peoples^ aiv among the oldest races of Europe. Tlicy I^ave held 
with wonderful tenacity to their ancient territory and to the prin¬ 
cipal feutnre^ nf their nationEil chni-nctoristicsj and have ahsorU-d 
all foreign invudcKw Wlnvirver gwid uiid bad eliaractemtics wi? 
see in the preiient fireeks are easentiiilly lIhmc of the old Hellenes. 
The tjin^>ks of to-day must be admired especially for their patriotism, 
their national pride^ thejr desire for culture and their willingnes?^ 
to smrrifiee themselves for these ideiiK These an? iheir sword nnil 
buekk^r in their stnigglc for national exisleneej and ciiii nnt lie vitl- 
uofi U>Q highly. H is these cliamcftTJsti<‘s wliich in spite of tlieir |xii * 
tiiEiinshipt their tlistrustfuliiessj and their siiiici^titiotu have hrought 
the cotill try to a new^ prospisrity economically, and have raised them 
11 gain to the position of the center of the entity Grecian indtieiice. 
the focus tif economic and intellectuai life, and the point of departure 
for European civilisation for the whole Onejih Tliia little country 
has accomplished thia* too, not only without imy loss whatever to 
other mces, but with a continual gniin liy tlie incorporation of other 
li^ rewistaiit races# riie Greek infliiencc is making greiit progressj 
it in very important in orienlal political alFairif to-tlay, and ia likclv 
to become even more so in the fuLiire. 

Just as the Greeks nn» iihsori^ing the Albanians, wbo wish them- 
to be Gret^k^ ?^o in ihe middle ageii did they take in Gie .Slavic 
tide. The Pelopomn^iiH was calliMi Sdavioia after these people 
for a long time. Italian and other Frankish componeote have also 
been incorporated^ so tliat the Greeks must surely be termed a iuixe<l 
race. Only in a few out of the way inountiims like the ilakia luid 
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TsAkoma in tlic PtilopotmotaUii and nn a few islands win we find any 
pin-c descenilants of the aid Greeley who are distinctly Greek in 
physical typo. This is especially true of the w-omcn. 

The culture force in the Grcebs Itowuver, is out of proportion to 
their numliers. Coiwpul-^ry cdiK'^tion h unrim'^^nry jimong a 
people w'here hiKV elitidrcn after fiftt*en absence^ sntfer the dii^gnice 
of bein^ excluded from aUendance at school. 

In ortler to ci^tiniate fairly whal the Greeks have accomplbIic<l in 
tlie Intft fifty or seventy-five yeai^ we intisl take into recount how 
loii^ these people f^oanetl ninler l!ie Turkish lasli, and nl^i the fact 
tViiit the St Higgle for freedom turned the country into » desert, and 
the jteople* it might nlmost be saich into a hand of robherg- Even 
the language lias been purified again. That tlio Greeks never retro- 
gri-sstH;! in culture as far as the Biilgariaiis* for example, is of course 
to 1 x 1 attributed somewhat to the nature of the country, wdiich may 
IrfUit l>e terjiied a maritime nmuiituin countiy. For this rciison the 
Turks were never able to subdue the people completely ami perma¬ 
nently. The (ireeks alw'avH held comieciiomt over the sea with the 
Christian Occident and its culture. 

The sea ^stamjis its cJiaradcristics on the Grecian landscape and 
upon its jK?op]e, Their home is the sea-incised land of Greet^e and the 
shores of its ftrehipelago, a section of the earth's surface [dmoni as 
large aa (iortnaiiy, but with hardly n fourth of the land. 

Everywhere in ^Vsia ilinor, from Cilicia and Cypnip to tlie Hellci- 
pont and the Balknn peninsula, in Tlirace, Macedonia, AlLianIa, 
everywhei'e* the Greeks cling to the cocLst. Greeks are the freighters 
of the wdiole Mcditcminean eastward frum fkUiYsji to Alexandria 
and to the west to Trieste, Malta, and Marseilles. For this reastm 
they were indij^pensabk to the Bulgarians o-s well as the Turks, The 
tisliermcn of the eastern Mediterranean from Syria to Tunis are 
Greeks, 

It is in Turkish territory in the adjoining part of Asia All nor that 
the (ireeks are making I'spcHUiil pi-ogrcss, Tlie Turks tiad everywhere 
taken the fertile land from them and niiule theni the tenants of large 
Turkish landhohlerss, but they have transfornml the tuuiintains and 
the pour ground into thickly settled garden tracts anri liave finally 
Ixaight out the Turks in many The nmnlwr of their children 

is everywhere large, or account of their great doniK^ticity ami the 
purity of their home life, so that they liave an iiurcntive in this also 
for ac(|niring property and spreading out. 

The younger generation presses toward the mainland, eflpecLally 
from die islands, which have made np tJieir eimnnoiis losses in tlie 
fighl for lilferty and are again lliickly .^^ttleiL Simie mv even uver^ 
populated., like Sum oh. Mhiij Greeks seek their fortune in the great 
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eities of CoiistarjtiTioplo^Uflesi?^* j^myrna. and Ale^xatidHa^ und retui-n 
homv [>rof=perijn5i:, to jmrt’hase u honiesti*ftil. 

The niJinEM^r of (irceki^ at about SjCNDO.OOOi A s=mall 

nijml>pr, lo Ije .sure, but we iwuHt coiisidei" that in the entire iCinf^dom 
III the eifcil of the war for independence there were only 000,000 men 
left* while to-dn^'. with a H-iOiewhat e,%:tended nreft* d inhabited by 
S/iOO.OOO lueii, and tlie^e ?>,000^0t)0 ]H,s»pleT united by a lUktionnl =?pirit 
and a love of duti!itrj% meau li ^al deal more in the tliinly-popnlnted 
f)rJeiil than they do in we^tteni Enrope^ The Greeks nre thelUfore a 
factor which will have iu Iw* ri*rknnetl with, a.s the unnesaticHi of Thef^- 
Ruly Jind Crete, which snvtiitd only ilij foniiul conE>umukatioj]p shows* 
Miprution has iiddcfl new members to the MeditciTaneaii race 
fatnily. Some have bi^^n developed by the fusion of iiiiiiiigrEiiits and 
coiiqiiorinff [%opks with the already greatly mixed primitive iiborig- 
iru^ whose I^itini^*ation had bmiiglit them to a higher plane of 
culture, and some by the invasion of new races froni Ihe outside^ udio 
wijA*d out their prtcnrsoi>i or al^sorlaid them and a])propriated their 
territory. Thus were Iho I^tlti ptjopley of the iiortlnvestem Mediter- 
rauean develo[KHl; all have a considerable jidmixture of rrcnnauic 
hlorxb Italians nn w^ell aa French, Spuniardx as well as Forttigucs^c, 
The initial ptiiTingH of tlie great w hirlwind known as “ the inigni' 
[ion of iiutiorLs/' whteh kni into the Germajn invasion of the Medi- 
ternincaiu were aroused in Central Asia. 'Ilus whirUvind drew the 
souiheiij^t peninsuta of Euroja^ and the Atlti.Mi region into (he turmoil 
of its w ake, and worked at first great haviKi on the tdd Mediterranean 
civil 5 z 4 iti(sii. but nfterwartls brought li new nourishing period. In 
this whirlw ind of migration the Teutons wetv followed by the Sla^=>i 
and Bulgarians, [mil after lliiise camt' Ihe ^longolians and Turks^ 
lioUi from CentmI Asia, Finally ihe ntcppi«« of Arabia gave forth 
swurni-'^ of men over all hither Ai^ia and the north coast of Africa, 
wdiieh were rwvept acrcjcivs to the norlhern tihorcs ijf the ^lediterraneiiri 
ami hdi-b again Inward (he ea^t, oidy to Im^ halted hi their coursu by 
the power of the Franks on the battlefield of Toiirs, 

Of the Latin races in the Jfedilerninean region proper otjOut 
:H,OOO.UOO are Iti^liaic^ (including Corsicans* ^'iz^ 4 ards, Tes- 

siniuics etev), iiyijOOJJOO are L’rencJi^ idiout 3(K),(500 of whom are in 
.Ugcria and Morocco, 18,(100.00(1 Sptmiards,imd 4.l00,00(> Poi^uguese, 
Reside-; ihew thciu are atKJul 'i(K),(XK} Zinzarcs and about 300,000 
Jliuiumijms in Wervia, linlgjiriap and the DEjbniilsha, 

I he Hlavs on the southeast, penin^la of Europe nnmticr nbout 
lOyWHkW)—n^tXXJ^OOCI each of Servians and Rtdg^irians, Of ihcs^ 
two the Servians <!£une from the northward and the Bulgaiijms from 
itio norlheusl. Rulh nf them had hardly shaken off the Turkisli yoke 
when they liecantr enguged in violin! rotifiiet over the Mm-^^doiiiun 
Slavey a body of |>eople wdioso ethnical position is yet to be dcteiiJiiueiL 
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It is fatAl to tlio Servians that they, like the Albanians* are ilivided 
lietwepn the Koujaii (.’’hurcli^ the (treek Churchy nnd MoliamnietlBn- 
15 ^ 111 . They are ali^ hampered by l>eing divided poliiitHlly into t'^vo 
eoun tries, Alontene^'o and Sit via ^ and are al^ wprend out into [>01- 
iiialiiu Bosiiio* and Her/Xigovina. lE Li nl^io tnie that a conuiderafde 
portion of old Servia is still under Tnrkisli rule* Bulgaria^ on the 
other lianiL is almost o natioinil unit* and only a small part of iti? 
jseople, the Bomaces. have gone over to Mohanunedanbiu* 

After the Slavic wave came tlje Arabic jierioil of inflijenco, which 
ArabieiJtcd not only E|jy|jt and the northern part of Africa, hut al^yj 
Syriat whieli had become stroiigly tireciaii^ but in whose |x>|iiiLation 
Uie old Aratiiiiic eleniejit was still strongly doiuinant^ ^lohnnnneclun- 
isiji stretched as a harrier across the whole Mediterranean region and 
was a great factor in aiiising uniformity of life and customs* This 
is to-day fsir less efPuclive tind broken dowu in many phiccs« hut is 
still a great influeinre* 

During all ihcst? aukturies tlib region became the ivgion of grenteft 
friction iietw'een occidental Christians and tlie oriental worki of 
Ishmu I'his region of friction beetvmc still larger when the ^tepfiea 
of iVsia again poured forth a flood of ix^oplo ugamst the ilecliterrsi- 
nean r^'giun iinsl Europe. Tliis time it was tlir Turks, foilowisl by 
the Iifnin|^>liati.s, who came with a rush and retired rjuickly as they 
lauiie, at least from Mediterranean territory, 

Tlie Turks, how'ever, obtained a ftruj fcK)thoId in ^\sia Minor, 
cleareil out the last trace of the Koinan Empire of the east, ami sub¬ 
dued almost the whole of southeastern Europe, It was only the 
German strength which slopped them there also, for they made them¬ 
selves masters of almost the whole world of Ishuii, which had Iwii 
till then entirol}' Arabic. Sj^ria, Egypt^ and the wholo of north 
Africa as far as Moi-occo fell into their hatids. Under Ttirkif^h rub 
all CliribTian civili^sational influences were exdudtMl even tiiort^ ilian 
umltT the Arahsu Tbhind the iKumdaries of the TurL% Bulgarians 
mid Servuinb^ tfsvertcti to barbarism, Albania b'catue the bast known 
of all Eiirofiean cottJitrify, to-day, and Asia Minor, Syria, and all of 
noi*thern Africii 1‘emained alisolutely iwilut^Hi and uiiknc^wn, 

Tunis has lieen opened to conimeri^e only since 1881. Morocco only 
since 1900 in tlie principal lines, nnd the same is true of Trijadi and 
Barca, Since the Ix^ginning of the ulnetmith centur 5 \ in fjict even 
since the eighteenth century* tlie Tiirkislj Eide has Wn on the ebb* 
Gr^eoe. f^rvia* and Rtdgaria are again rei^torecl to the Christian 
world* Algeria Ijtdongft eJdirely to the FrcEidi and TiinU essentially 
so, while Egypt has fallen to the English. 

It cfin not be said, howeii’er, tliat the contrast between Christianity 
and ilohajmnednniMn b any less lor this reasou. On the coutmry, 
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jl rmjs like uiieWtrio stmin lhroii|^h the ^vhole region ond will make 
ilself fdt in everj- military deielopiuent within its reach. tstfKHrially 
in the Atla^ countries utid in Hg^ pt^ m a manner that will surprise 
the unknowing. 

The iSeniitic and ilongol-Uke elements which the Arabk and Turk¬ 
ish inviniiuii bn>iight with them into ihe ilediterraneaii region were 
not (if great imiMjrtance, since the piHjple themselves were not very 
niiitierous. Bui whether bemuse of Lheir (ies[>olisiii or whether bc- 
ctuLse (jf the |)ower of Mohanuuislanism* as we have seen in itie case of 
tlse iitrbt‘ 1 ^. they to have made the foreign elomeuts mntoTm to 
their hahits, Tlierefore wo ctin consider as ^'Anilis ^ not only the in¬ 
habitants *>f Barca and ilumiarika,. who are pure Arabs, only iKK-hOOO 
strong* to sure, hut also ilie inhabitants of lower Egypt and Syria. 
Tlul while the ehfiriges in the ]KiUticnl map hnvo wiu^tl no cthniml 
dilTerrocin of any moment in tJie Arabic divL^ioti of MoUamintHlonifini* 
in the Turkisli division these have been especially snialL This is no 
doubt ihie princijailly to the fact that the Turks wore n!pri?stmt(?d in 
the greater part of their empire only by ofHeials oml S4:ddicrs who 
hiive disappeared agiiiii with the Turkish domiiuon- Thus there are 
no longer any Turks in AigiuTa, Tunis* or Egypt* 

In Algeria even the Knluglisi sons of Turks^ have (Jisappparetl* 
The military colonies also* w^hich ispecufllly in Greeoei Servia, and 
Bulgaria kept guard over the important points ou tlie great militaiy 
roniiTA which lead friitn Constantiuople and Sulonica through tho 
IKminsnla to Bel gnu! e, are to be seen no more. Tint not. only the Turks 
tbkUiLstdves* but rIho llic Tartars and Circassians^ who fJcttltHl under 
their prolfction in Bulgaria* have wanderetl back into Turkish terri¬ 
tory, jarlirnliirly to A^ia llklinorT where iindcr the name of iluhaJ- 
shir they have essentially Hlrengtheited the rtmbs of the Turks, espe- 
cially in ngricitUiitnl matters, ^^ince they ate on a somewhal higher 
plane of civ limit ion. By sudi remigrations the number of Turks in 
the port of the Balknn peninHulw still controlled by them has become 
considerahly increa-wd. cqtedally in Ccuislanlinoplc. 

XevertludcjsLs, if the inimlKT uf Mijhammedans in the soiitlieastcm 
part of Eiiroiw is at :1500,000. we could dud hardly 1,1500,000 
(.tsmanlL^ among them, and these alw, like tlie wdiole Turkish people, 
except, perhn|:is, the Tiirkomaiia of A*ia Minor and the northern edj^ 
of *STriwt wdio came in later, are so mixiHl wuth Aryan blood from the 
incorpiJrntion uf the Janbs^inTcs, for int^tance (principally enslaved 
CUristiaii Ixiys of cspetinl {jower), mii] are so confused by adjiiixtiire 
wdth Persian I Slavic, Greek, and Circassian slave women that thdr 
])hysiL-ai type has losi evi^r}' Mongoblike charactarih-tic, even if tlioy 
iinve preserved tlieir own systeiu of morals and theii" kuguagfL 
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The number of die Turks b consjdembly decreu^^iu^ iiliso in their 
own native counto'i A^^ia Minor. Tl^e {irindpnl reiujons for Um are 
that they alone bear the blood tax in ilieir ince^nt wars,, so that 
the yemn^ men are for oiaiij years withdrawn from hutne—in sKime 
vilayetB the women outnumber the tnen by 12 per cent—coming buck^ 
(.icher not at all or pby?icaily ami niuraOj injured^ and that they 
suffer more ooinmcreiiUy under the poor Ttirkltib adminblratiou ibaii 
do the crafty Gret^ks, Amienbns* and others. 

Figiires iiiiow that the Turkic eiviilKation in nearer ^Vsia !^Iinor 
has been alnickst supplanted by the Grecian* This fact also fe iikelv 
to have important political significance in the neor futiirit. Tlie nuni- 
bc^rof Ostnanlic Turks and those who eunsider thi-mselvps such is very 
difhciill to estimate. Ten milltcRi^ woahl prubahly cover alL lie-sider? 

Turks ^ and Greeks, tliere ai^ a few' hiindi^i thou»ind Arineiitans 
in Aifia Minor who were distributed forcibly by the Turks all over 
the peninsula even as far as Couatantluopk^ 

The Arabic-speaking population of Syria, a considerable part of 
which k Christian^ however^ may be estimated at 2^000^000 ami that 
of low’dr Egypt at nlxiut Tt^^^QQO. 

Xeglecting small and from our point of view^ unimportant, divi¬ 
sions^ we get in round numliers the following table of the apport ion¬ 
ment of racesi of the Mediterranean region: 


J- Cfitfiolle Latin j>e»nle9i aq tae Nij* ef tlie 


(ffl) ltalla£i*„___ - 04,000.1X10 

ih} SpBtiinrtl* --- l^J.OOfJ.OtHJ 

tc) FartiJ}UiOfie- - -1^7(}4l,oau 

(d > French ---- __2. A ODO 

tL Flflvtt of the KotitlieiiRt FJunipcfin pciilusula (t^'hrliftlniia of tiler 

Cboreb) ___ . _ _ _ ,, 

fnt ^vtdnA -_ (DO,uem 

ib\ Bulgrirking^^, -- - -- - -- Tv 000,000 


^ albAuliii^ (3Ieliii DiuieiLitim Uutuan CfllhollcOi GreokB^ Oliiiji- 

tla ns) ^ _^ _________ ^_ 

4. Greeks _ ___ .. .. . _„ _ _ 

(L “Tiwts’*-. _^________ _ . 

(i, BertMffit ____________ __ _ 

7. “Aral?!^ - __ __ _ 


tki, i.iM coo 


10,(X)0.000 


t, 500, 000 

n, oou. (HD 

to, oon, 000 

13,0ft(t0lD 
S. 250.000 


Total Mchfllum^rdnua ^ , , -— ____ 31, (XXI, <X>i 

Total ClirtBltann^™.. ---- -TaonO^lXHi 


Gmod fnfiil rrf eU Medltemiimn _ _ lOtXOOiXOOO 

From this it appear? that the Chrktian inhabitants of the region 
are in the great majority. It also appears that the Mohammedan 
districts are extremely thinly populated. This ia dne not ao much to 
geographtcol disadvantages, for Syria, Barca, Tripoli, and Tan is 

-a;* 
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wi-ra thickly popuhited in the Komim peripd, aa lo the poor adraitiis- 
I ration, w hit'll murks all Mohammedart countries EgypU limLs, and 
Algeria all rIiow that s-ueh countries under European and Cliristinn 
niliiiithstnilion rise tjuicklT, economically, and increase in populnlioli- 
The superiority of the Christian pMplc over the Mohnnimwlan- iti 
the MedileriHiicaii region, ultlmugh it must be disi^unted soincwhat 
liv the elannishness of these latter due to their religion, is lieightencd 
liy the fact that the followers of Islani inhabit even to the pi'cstuit day 
the dryest districts on the Merliterraneon and are all landaiuen and 
luive an aversion to tho water, Turks as well as Aratis. The Greeks, 
Italians, and the other Christian i«!oples tend entirely to the wai 
traflic. The Turks have never had any knowlwlpe of maritime lore 
and to this day are ignorant of it. In thoae perimls when then? wo-s 
a powerful Tiirkish llset. the ships were t'ommaiidi?d by renejjades 
and inaiuHMl by Christiuns. The Rarbnry pirates were “Andiiln- 
riansdriven out of Hpain. and Berbers, and their leaders in the 
sixteenth century were mostly renegades also. 

The last and iiuast important indiaition of the table is that of the 
106,000,000 inhabitant? of the Mwliterranean comitries, 34,000,000, 
or 32 per cent are ItaliansL This is a highly important fact and 
one to he well ronsidererl in tho near fiitnco, for the national unity 
of the ttalians. which has resulted in great economic development, 
will make itself felt with growing political impoi-lanee and render 
active tlie advantages of central position and tuther geographical fac¬ 
tors. This is all the more likely because the ehurncteristic tend¬ 
ency of pushing toward the sea and centralitsation on the coast, which 
miirloi I he distribution of all the ikditerraucan peoples, is especially 
pronounced in Iiuly, 

Italy must ualurally 1» a thoroughly maritime countiTr from its 
long and sleiukr shape, for its extension across from the foot of 
the Altts almofit to the Atlas Mountains furnishes long coast lines 
and slight distances from the jcb. The people tbere press toward the 
sea, a fact which is most markeil in Ligtiria, Apulia, and in the north 
and cast coasts of Sicily. All the larger cities lie on the scacoasi; 
even Milan is only 120 kilometers <7,1 miles) fr^iiii the ocean. Eighty 
per rent of the surfure of the kingdom is within 100 kilometet^ (02 
miles) from the sea; that is, in two huurs one can reach the sea from 
anv [uirl of this country. Fully 16 per cent of the [lopiihitioii live 
'directly on the ocean. This is a fact of great intiiortance fur the 
prestige of Italy in the ^leditctTanean. The iLalians have been skilled 
sailors from time iDiniemorial and tlm fislieiies of the Mediterranean 
are for the most part in their control. 

Likew'iHc in almost all the other countries on the Medilerrunean the 
pcnplc live principally near the sea. In Spain tliere has recently de¬ 
veloped a iJiarp contrast between the interior and coast provinces^ 
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tlie population in tht former is sfteadLly decrrasiugj wbilo in the coast, 
countries it is fust as steadily do the increase. 

From the very small number of 35 inhabitants to the square kilo¬ 
meter, the interior provinces luivo decreased to 14 and 15, while m the 
Mediti^rranean const jirovlnces \^a!drieia shows (58 to the square kilo¬ 
meter, Malaga 71* Alicante 7G, oiul Barcelorm IIT^ as much as the 
average of the whole Gerinnn Eiiipii^. 

In iho AtlOH countries ihb tondeiicy toward the sea is even more 
marked^ all the larger cities lie on the conHt, Coostantine and Tlemceti 
are le^is than 100 kilometers away, and this distance is only exceeded 
in the cases of Fez and Marrakescli. 

We may safely say tliat two^ thirds of all tlie Inhn bit ants live leisa 
than 100 kilometers from the sea. It h the same way in Syria^ where 
the deserts begin le^ than 100 kilometers from the coast, and the case 
is the same In Aiiia Minor and of course in Greece and the Balkan 
Penimtuhu 

This brings us to the eonclu^iou tliat all the Mediterranean 
countries were thickly fjopulated in aiieient times and havo not 
changed so in their nature tliat tliey coiild not snipport a far greater 
number of people than they do to-day. Asia Minor alonci where to¬ 
day there are only IS inhahjtiints to the !:^|iiare kilometer, hiis room 
for forty-three millions more, while the girdle of land which begins 
at the gates of Vienna and ends at the mouth of tlic Euphrates could 
surely hold a hundred mitlions more. If we consider this and the 
fact that in the MohainmcMian countries which are under European 
administration the popiiljiiion h iigain increasing, as is shown by 
Egypt and Algeria, it becomes very evident that the Mediterranean 
not only looks back on an HUi^nous past, but is [losdiueci to have 
a great future, and ife political importance will become steadily and 
rapidly greater as time goes on. 
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PREHISTORIC JAPAN,- 


Hr. K 

Pn^frxMiif^ Jrtintnr.’ti' VaUvrjtii^ af Ttikjjio^ 


A& an introductioi:i Ibt* subject «jf this pj^pcr^ iviiidi conc^mi the 
hLbtory of primitive -Jiipitn e-s JeA^iJoired from im^ioological hod^ it 
gw4M^ prc5[«?T briefi}' to review the typeis of lueii now Udng Uiena and 
to sketch iljeLr origin. 

At the initi^t we uiBy safdj HJIiria tlint all the nice typ^ of which 
we Htiil reiiJiiinH or Lrati^ are repret^nted aijioiig die Ja|jdkiieiiio jjeople 
of to-day. It is a fact that witliin the lust 3 /XK) years no ooriquermg 
peoples have Invaded the borders of Japani Even earlier than that 
ti ia probable that only very few large and powerful iniiuxes oocuired 
at any tinia on account of die pcasiiion of tho country in the midstr 
of 11 sea when? storms and emreuts prevaiL Since the licginning of 
oiir m^rib immigration has come solely from the neighboring ooun- 
trics;^ China and Kot&a^ and for more Ilian a thousand years even Ihht 
has been too inslgniticant to be worthy of coimitlcnitiom 

In previous addresses before the (ienaan ^Vntiimpologica! Congress 
in and five ycai^ ago tjefore tills sodety I have considered the 
eastern .Vsiatic race peculiarities in detail and have distinguished in 
Japan tliree essential elen^ents: First, the north or true Mongolian 
type:; ^coiid^ die south J^lotigolmn or 3hlaluyaii type, and third, the 
Ainu t}7»e, w^Uich is at present lieconiing loss and less frequents The 
Ainos wen.* the original inbabitantSi, but for pmctical reasons 1 shall 
consider tliein last. 

It is liartlly possible to draw a sharp line Iwtween the Malayan and 
Mongolian types, as the transition from one to the other all over east¬ 
ern A?!!a is so gmdufll dull every attempt to make ati exact division 
has failed. For example, we find in Japan, Korea* and Oiina s laj*ge 
number of people who rnigiit Ije termed pure Alalays^ and, on the 

^Tninslnml. hj peniilRslpn, frooi Zeltscbrifl far IvttuioS^le, Iterlla, liXtT, 
pfirl pnpefi 2S1-310. Rend at the iceeltha af the Aathnifmlcii^cal S<ieli«lT o£ 
Bifrlhi. my Ih. ItfOG. 

r>:m 
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otlier haiidf in southeast Asia we umy hud I he nioi^t murkod slant-e^ved 
^fotigolihri ty|>o, of which the present nomirml Emperor of Aiirmin 
b u good exumplcp 

For these tlio term Aiisrtruiiiaii (L ti,, efi>dcm Asiatic) race 

m jiFuferable to the ospreiffiiuu '^‘yellow nun?”’ ll^Jcd by Cuvier for tlie 
cotnhihecl Mongol in n-MiiluVEn nices, ns it iridudes |Krople of n dnrk- 
brown color in the southern part of the jlsiatic continent.. 

So mueh can lie ssiid, however, that the north or true Mongolian 
ciivishni tnny be dktinguiiilied by their coinparutiveJy largo A/j*, large 
head, proniinent cheek bones, more or less slanted eye^ and meso- or 
bnidlyccphttljc skull, while in tlie soutlicrn or iSlalay division, smaller 
l<fes pmfniiieiit cheek Ihhicsj ami less slanted or mnni horizontal 
eyc« prevaiL Probably I here ifi an adniixinre nf Hindu or other for¬ 
eign hltKid in many “ Miilays/' 

In Japan the^o tyjxsi are seldom found pure; iniich oftener they are 
mixed. 

TJic jiHsertion that the Japanese are essentinlly idenliral in nice 
^vith i.he i nil Lilli t ants of Korea iiml the larger jiart of China was 
formerly strongly combattd. lnvcstig»tor?i ivcre too iniidi inllii- 
ence^l l>y outward u|jpeiiniiice£f« especially by dress and nietbods of 
Wearing the hair. Even ;^iieh a keen and much triiveled obiiervcr 
as I^ird Ciirzon, late viceroy of Indiii, allowed himself to be led 
astray^ He derlnred llfat the Koreans wore such a characteristic race 
that it Wfis impossible to confound them with the indigenes of another 
land wherever they might lie met. To contradict this I have the 
testimony of any number of ilapatiese and Koreans, that they them- 
tidvrs can not distinguish one from the other if costume and method 
of hairdressing are the isotnc; and In comparing Japanese mid 
Chinese, the same holds good. Even conceding that the Chinc^=i* 
are gimcrally larger and have softer features, the difference i^ hardly 
greater or even as greal: as 1iet\vii?[i different typcjH in Geniia^ny, ur 
lK*tw<H?n the Knglijfh and fh?rmitn.s. Therefore 1 can not understand 
how l>tmitR*^can say ‘"the Japanese are sn dilferctu at first sight 
from the Mongolians who inimbii rho neighlwrjng niaiiilund that it 
is hard to conceive how (here could be any direct cfmnection between 
ihctit. ■ ilearly he* too, had lieen dccciverl by outward appearance* 
especially by the differena^ of clothing and liairdresvsiiig. The sight 
of Koreans in Kutx>|jt*an dress wnuld soon have changed his opinion* 

The hatiiml path for immigrution into Japan is tlirongli Koreii, 
as a glance at the map shows. I'his is ctmfirmed by the moat anck-iit 
traditiims of Japan and the fmds of the preliLstork poHotb By this 
route the people cnteied who fin^t hroiighi a sort of civilization into 

“ Vonit'solilebllk-ifcp lirittwr lu Ja|iao* VerlmaiJL d. IlcrL AothropoWte*. 
1S.ST. K IH. 






PBEHieTORTC JriPAX — R/VEIJ!* 


525 


the hiEicl, Thi^y luudi-d on the island of KiiiJ^hiii and on the i^utherLy 
part of the west coast of tlic principal isjand* founding n kiti^din 
ill Uxuiiio, the oldest of which any Jtipaoese sotirocs^ speak. The 
licconntsi of iliis kiii^oin are loytliicaL or legendary. GodSt nionstCRi, 
and mizmeli^s play a great part in them, but witboul dunbt thon^ is 
some lusturioid inith at the laittoin. Another t^orly ndgratioii of 
well urgntdzed hnL leas civilized pciopio must have k-en din'cU's:] to 
the central part of Japan in tiie region an>nnd Kioto and 2vara* vvhidi 
W‘as afterwards tJie true center uf the Japanese! Empire fur two 
thousand years. 

Probjfcblv later thaji these inunigranLs came otlier tribes^ either by 
way of Korea or along the chain uf islLinds made up hy Forruosa anti 
the Link ill Arebijxdago, which joins South China and japan. The 
latter runte^ to be suie^ is lonpt^r., but it is made comparatively easy 
by the ‘MCurosldiiVO ** or the ''hlack current '^ which flows in this 
direct ion, antt by tlie periodic sou tit west monsoon of the summer 
whidi drives vessels northivaid* aud the nurthoast monsoon of the 
winter which enables them to return easily, ’l^ience the wanderers 
came wduj ti-avelcd l>y this toiitfs—if they did come this wai"—we do 
not know* l\'helbcr it wa-s from Foriiiosii, or^ what bs far more 
likeh * from .Shaiitung* or parts of central or southerly China, is an 
nnanewerc^l question. ilu knovi-^ however^ that it is in the sooih- 
west part of Japan^ whcj'e the Kuroshiwo skirts the land* that the 
trO-called ^Miilayun type is most prevalent. 

The-^‘ inimigratioiLS, particularly the lust in all probability 
cHX-urrrd m ihc fu>it tliou.^ajid years lieforc Christa That they came 
from the main I and of Asia is further indicated by the otlierwise iiii- 
exploineil ap[jH*ani!jee ut that time in southwest Japan of an iron-age 
cnlture too high for .Malays of that period. Furthenuore, the Japa¬ 
nese! language is i^lated ti> the Tiirkisht Hungarian^ and FinnisJi ; that 
is to my\ to lungimges spoken by people who had settled in central 
and eastern Asia. The Turks ur, let ns say\ die pctiples of tlie Turk 
mcc, in earlier times luadi; thcniNdves felt more in the cahi tlmii in 
the we^ilp Once they invaded Korea with it great orm^". an attack 
in which their whole army was annihiiated. China also siitTered 
much from their inroads In the eighth and ninth centuries A* IX 
they held eontiol of a mighty kingdom in TurkcstaiL When theao 
facts are considered, the gi'eat distance beswoeu the present-dny 
Turkey and ■lupHii makes this relationship of siieech strange* 

Even Indore immigrution began by w ay of Koivh or from the south* 
Japiiri was ijihabitHl by people bidoiig'mg to an entirely different race, 
tbe Ainos, little of whof4e blood remains in the veins of the Japanese 
at the pi'esent day. Once* as the names of mountains^ rivers, and 
other Ifa^lilies liear witness and archeological finds indiciite. they 
inhabited the whole oftihe Japanese islands. During the ixjriod 
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recorded by libtory they wefts driven from the northerii Imlf of the 
main bland Lnivard the nculh, till they remained ns e pure rac» only 
in the ^s^luud of Vezoi Therefore the Aino type is met inore and mnre 
fretjUonUy in the north cif the mnin island as we approiieh Vexo. 
hid even in the center of the isluntl scattered rezimanls are still found, 
I have been repcitoilly surpfisi'd at the nuiid^ier of inilivtdmLLH cif the 
pure Aino typii^ that dwell in the biirely accvse^ble mountains of the 
thri*c provinces of Kodxiike, Shinano, and Etchigo. Apparently tlie 
Liucivili^eti Ainoit, pressed hard hy the adraiieing Japanese, flesd hither 
fn>iii all the stirroutidirig territorj'. In the faniniis watering place 
Ki]>jitsu, lying in this roglnn, where the same families have fwrsisted 
foz' many eentiiries without new infusion of blood from the outside^ 
I havv seen exampk*^ of ihe fiiost pronoanetd Aino typo* 

According to my hypoihesis those of Iho inhabitant nf Kiitshiu 
and tlie Liokiu rslands who are dianic-teriaiMHl by their ihicki^t biiild^ 
more or less F'nropean cast uf rountenance, and hmvy growth of hiiir. 
are abu to be chi^^ as the renmunts of tliLs or a. cognate primitive 
pi-wple, Thet^ arr the groups tlenignatwl m KiimairO and Haviibito 
ill the Jajjane^e legends and tbe oldest historical records. 

The inti'Eiding ilongolian conquerors first took poi^^ion of the 
pin ins and the fertile coast regioOt forcing the aborigifiis^ toward the 
north find toward the wild soutlieAsterD region into Kinshiu and the 
LiIIkin Islands* or iierhaiTS sparing them only in these regions. For 
only in these IjiHt-monlioned districts do we find tliis tyj» at all fre- 
quenl. Ir k generally admitterl tn-day that the Aino is not Sfon- 
golian, hut h ck^sely related to the Caucasian race. It is difiieiilt to 
undenntaiid how^ anTonr who iias seen a large number of pure Ainos 
i!ould Ijelieve them ^longolianH, 

Tlwy now nunil^er aiMiit 17,000 on the island of Yeia. On Sakhalin 
tlipy nre still fewer. Tliey will soon duiap[>ear as ■ race, not, l>owever, 
Ixcuitse they will Iw stamped out by the encroach in ciTilizaticm, Hut 
liecHii* Hipy will he gradually nhsoi lied by the Japanese, Intemiar- 
riagp is now of aluii^st daily umirrence. and the opinion of Mr. B. H. 
Chanilwrlain that such marriagw are barren is not Imme out liy the 
flirts. I have myself seen many offspring from such iiniuns. Th® 
Japiinese type generally prevails amongst these half-breeds. 

From what land the Ainos came to Japan we have no idea We 
aix| much mom at s* than with those people of antiquity about whom 
Schiller could say, “ Wiirde die tieschidite davon schwe'igen, Tausend 
Slriiie warden ndend zengen. die man aus dem Schnss der Erde 
giwM; for tlie AiniK, have neither any art nor a written language. 

l lie commuii hypothesis is that they came by wav of Sakhalin, 
which at a iwent period, geologictdly speaking, was rontiniicms with 
the niandand and bad probably a much milder climate before Uie 
fonnation of Bering Straits, But it is not Jieceasaty to gu as far as 
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Sakhalin m«ot Lh^ [Hmibility of a drr'Sliod ijitiiiigniiion from the 
mu ill Lund. 

From Lh^^ g«K>1o^cal liistory of the Britidi Iples we know the fact 
thut not merely mice Init twice they were connected w’ith the continent 
and twice sepui'utcd from it+ The wa floor Rank and ro* and felt 
ugnin from I IK) to 200 meters. In the Pikkolithie age tiiere was no 
Kiiglish Chfltiiteh 

Now, if the sea iToor Ijetween Korea and Japan ky only 130 meters 
higher than it doe*s to-dny, Japan would eonse to be an island, it 
woidd lie an exlcnHion of the continent u|xin which the jie^Jple of ilia 
PiileciLithjc iiud Neolilhic ages^ even unversed in mariiiine enterpirisef 
could wa rider drx'-shod. The whole liuklu chain, loo, Avoiild Imvc 
lieeii coniieetetl with Japan, and tliere also xve lliui Aino-like hairy 
men, wliosie wcimcti folk tattoo tlieir 1ian<is juM as do the Alno w^omcn* 

A less widely acc^cpf eil theory is that the Ainoi> are related tn the 
primitive inliHbitELiits of Airsti^iB^ This is founded on the actual 
resemblance often noted of the two typea, (Jn the other bond, there 
are essential ditFerenres, 

Now till* fpiestion were the Ainos really the fir^st settlers in Japan 
or w'as there anutiier jieopJe Unfure thenif This latter opinion has 
several supporters, being i igomnsly upheld by Mr. J. Tsuboi. pro¬ 
fessor of antbro)x>logy al the University of Tokyo, 

In ancient Japanest^ tales and legends mention is frequently made 
of the so-called I'sucliipiuiio—that Lsh, earllL‘^pidnrs or cave dwellerSw 
On the other hand, the Ainos myths tell ns of Koropokguru, and also 
of Kobito or dwarfiH. The first is an Aino word, the second u Jap¬ 
anese word adopted by the Ainos. Koropcikgurii is conunoidy con¬ 
strued to mean men who lived benealJ) a c^riatn sort of burdock with 
enormoui^ leaves (Pct4X*it^:J! and who were therefore verv 

sniiill. But* in tlie first, placc^ these burdocks grew m large in Y^m 
tiiat a big man could stand l%iieath them, and in the second plaa?^ 
according to Ehitchelor* the liigh^ authority on the Aino lattgnage* 
the word Koropokgiini means nothing more than earth dweller, and 
eonse<|iJetitly applies only tn the inhabitanbi of the dwellings known 
to the Kurile Ainns tn this day. It can not therefore be taken as 
evidence of the exislenn? of a dwarfish race before the Aino. 

This is very im|X)rtant, for it concerns the qnea?tion lua to whether 
the shell hmp^ foimd in great nnmlieT^ all over Japan, with their 
rich eontent-s of stone implements, pntteiy, human figures of day, 
boncfi, and the like, an? relics nf the Ainos or whether tiiey come from 
a still earlier people who might be considered tn have Wn Koro- 
pokgiint 

The aforo-mentionecl missdonarj’', Mrl Batchelor, w'ho lived for 
thirty years among the Ainos and devoted hift life to teaching and 
studying thorn, rejocis Uie Koropolsguru hyjiothesis as entirely un-^ 
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tcnnbk from Ills widv i^xporience. Professor Kog^inei, of the Uni- 
vetJiity of Tokyo, rt.^jeets h on unutuiiiicul grouncb. On the niher 
liand. Professor Tsuboi giv^ n long list of reasons that it prolix 
i=tble to him that the stone age nnd slidl heap tlepotsitis originated from 
li peopltt different from the Aino+ 

Most of Tsaulmi'^ arguments lire hardly cronvincing, but it is indml 
a notii'eablo fart that the rliiy statues of that [leriod do not have 
distixicTtly Aino-like features and geiiprally have im heard. I'siilxji 
formerIj' held that none of them hove beards, but FeiN?ntly has ad- 
mitted that there tire exceptions, lie holds to tlie idea that a people 
resembling the Eskimos were the nickel's of tlie^^o and goes on 

to meiition objotit-^ cTOnimoii to I he btone-agt^ people and the Eskimos^ 
sueh as snow spectacles, eky vessels (the present Ainos m Yezo 
make no pottery), and various unimportant details like form of dress. 
But acecirding tt> their o’lvn traditions the Ainos did mfike pottery 
at an earlier [leriod and we find to-day among the Kurile Ainos ilie 
same sort of eky ware as the stone-age people niaile- Furthennore^ 
clothings the mtiTiiser of hair liressing and I lead ornaments may have 
changed l)o(h among the Ain«is and the Eskimos in the eoiirse of 
time. Tlie ii^nception of the rings around the eyes as indiimting snow^ 
spectacles seoms to me rather farfetched* Keitbcr do tlie cloy fig¬ 
ures have such hen at clotidiig as tiiiist be cxjaHited if the stone-age 
people of Japan had lived in a climate like that of the present Eski¬ 
mos, However, I hold to tlie idea tlnit tlie Ainos were the maters of 
these sloiie-ogc remains with less certainty than do Kogunei iitid 
Batchelor, on account of the type of face on the day figures and the 
frequent lack of tlie fxill beard* Nevertheless iheso uatliorss hAv^ by 
far the greater probability on their side. 

Even if Tiiuboi were correct La saying that the stone-age men were 
a people with little beard and far removed from the Ainas—in fact* if 
they were tnjly E^kirnos—this would not exclude them from relation¬ 
ship with the prcii^nt Japanese,, for,, in ^itc of tlicir dolichoeephalic 
skill b, the Eskimos stand very close to tlic ntirtii filongoltans. 

So much for the race dementH enteriug into iho question. 

As in most other countries^ there are in pTapan cave dwellings 
smiuctiiiies mngk, s^imetknc^ in groupie, but the archeological finds in 
then?* a rule* nmount to nothing. The caves are alnioHt all arfi- 
ficifll and consist soinetimcis of £i single low rcKim of irregular shape 
entered through a hoku and soinetimcii of several ccinimuniratuig 
chambers at different IcvcIa. A rave of ir^ Mpiare iiieterTf (kmr surf are 
is about tJie limit in size. The people often call them devila" <!aves,^ 
I liavc myself -ecu ^ome sudi caves near Tokyo and have found noth¬ 
ing in them. At one place in the province of kodzukc north of Tokyo 
there is a largx^ hill honeycomlicd with these caves, which Profewt 
Tsuboi has described hi detail, but liert; also, all evidence b lucking uu 
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to the periocl UJic] p«:^llia^5tie^5 of th^ inliabitiintij^ Perhaps they 
belongoil to the C4ivc ilwellewi or '^eimh Sipider^smeniLooed in con¬ 
nection Vk ith the victotiouH ttuirdies of the fijret (legendary) emperor 
of Jupaiu Djimtitenno. 

Ju kter times the cavi^ nften servisl places of refuge for roblwra 
iiud fugitivi^^, imd it is not at aJI improbubb ilmt during Un? endlesj^ 
eivU teal’s ihat rngud in ihipait in the middle apty many siich enves 
were mnde as hiding j^hices by ratiqijUhed refiigt?es. They are dug 
in a very soft sfindstonp easily scratched w^ith the finger naih and 
from Llieir position in the wooded fca^tLiilk of the moiintaiiis their 
origin might at least ]>flrtly be attributed to siich a eoiitingeticy* 

The theory has also lioen put forward that the eaves were enta- 
€oinl>Sp But even the discovery of skeletorij^ in aiieh eaves would not 
prove that they wore the most primitive form of gtwveSj for we know 
from the hiKiory of the Egi'ptians that they resorted to cav4‘ hurials 
finly after having crecttHl the most artistic tombs in the open air for 
tboiLsands of years^ In fHct^ in Japon the rock graves, which cM^cur 
ill tlie southwestern and middle part of da pan surdy lieloiig to a 
higlier peri(Hl of culture, tlie iron age, Fh^des, even in our own time 
many inhabitants of Tonkin built thcinsdves cave dwellings iviik-h 
could cadly lie confusci:! with catacombs, although only a genemtiun 
befoii^ they had lived in hoiis4js like their neiglibors, Tlicse mcHleni 
cave builders ivere Tunkintw and Chinese irregular troops, I'alled 
pJratf^ by the Fraicin They dug caves in almost inaocessible cliffs 
to escape tindr Eiirnpean enemies. Perhaps in the next decade some 
learned iiivestigntor finding the^ caves will advance very profound 
theories al:iout the nlHirigiiies of Tonkin, Let us therefore be r^utinns. 

Everywhere lu Tapon there are shell heaps and other I'olics of the 
stone age which give n rich return, and which* as already menLioned^ 
have kd to a spirited discussion as to the race of their originutot^ 
The tlrst shell heap w'as found and thoroughly inv^estigated by iha 
zoologist ProfeAror ^iors5e, in the environs of Tokyo in ISTli. The 
finds were descril^cHl hv him as numerous stone and Ixine impkincntM, 
animal and Ijuinan boiic-i, moilusk shells* and pottery. Most of them 
are nt present in the Im]»erLa] ^Musiuim at Tokyo, To-day the nmidier 
of shell heaps and other stone-age aiteii known in Japan amounhi to 
four thousand* 

Even in tin? very outskitis of Tokyo some have been found, and 
near the city of Vokohainii, dose by the ract? course, 1 have my self 
collected a great number of prindtive stone implements and pottery. 
Afiist of the iraplements consisted of roughly w^orked slate. There are 
among them, however, some well-finifibnl stone ctdts, so that from 
the form alone we could draw no division line litetween paleolithic 
and nt^Uthict Bnt^ judging fi^om the pottery, thb whole culture is 
neoiiUiic* Lesd frequently one lind^j woU^fasliinued arrow- pointik, 
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Uno* poioU knireik Md other iin]jlenKnts of flint or of obadian. 
Ihe tjUiinlity of stone imfjJenienls Tarits greatlT. In same shell heaps 
they are numerous, In others one wonders at their Poutritv. 

Alost, of the rnugli tools and weapons are nwde frotn the vol^ 
cmiip of the neighboring region; others are fashioned from 
><erjH-ntme, granite, gneiss, or other stone. Ncphdto Ls ven- rareJv 
iiswL Citeiierally si»aking ilie ili.«ooveries of slone weapons of fine 
workmanship b^onw more frequent as we go north, because tho 
^one age prevail^ ilien- long after the more driJized soulhwe^ 
had pas^ into the iron agr, EridenUy, however, stone dubs wem 
Ii^sl m that timn. cjvil«*fd ngion too, for to the tirs^ Japanew em- 
peror—supposed to hare lived about the seventh centtirv B, C^L, 
attrilmk-d m the oldest legends a song in which ho aa^-s that he had 
struck down lus enemies with his knobbed stone swoid- Tl»re are 
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tli(* grav figiJre^ is f<ir tlw fact that in s-pitc of all care they 

Uo not kwp iu tin? ^>J conditiim in they an: foimil. 

T\¥o of thepe gmj figures, eIujwq on pL i, imve a full U^rd. They 
lire tfie only ones of this sort known; in^ually Uie Ijeanl is iibsuiit nr 
is (mlv" indicated i>y strok«^ of tho motlEling tool. 

The eyes of the %iires are often surrounded by ii niseJ lino wUit:Ji 
is cfpiistrued to represent snow spectacles by sunn? ,T»piinet»! ancheoks 
gists, A further thing to bo noticed atiout the eyes b that they di> not 
slant upward like those of Mongolians, but ihe lids arc lioriitontal and 
the eyes a-tu deep set like those of Tviiropeans. Many of the figures 
are disthiftly painted or tattMie*! on llie face. 

The gray figurcH are evSilently tlu- must ancient. The Iwtter burnt 
red and black figures are ntorf recent, und some have tlie tt’pt? of the 
Japanese terra-cotta figures of the iron age In 1 h? mentioned later, 
and have slit eyes and the aqailim' nose of refined Mongolian type. 
Their entire ’worknmnship and the care often e.viKJidctl on Ihe clotli- 
ing indicates » late period, perhaps the first conttiries .V. D, A few 
ralUer good mask-like re|ircsciiturions of human fac^ have also been 
fouruL 

Tbe nnmeroiiP handmade clay vessels and [Mts from the stone ago 
show great variety in form and motive of decoration. They are 
made guiieniUy of a nddish clay and im? uften very Udiy fired. .Vs 
ihcv are usually thiny they break ami fall to pieces easil\, so that b ell-' 
preservt?d pots of large siae are rare. 

Fig. 2 shows a collection of fragments with different pattern?!. 

The most beautiful and best preserved vessels are found In the 
northeni part, where for the longest ix'viod the stone age pt^vailcd. 
They are sfidietiines red, sometimes brown, sometimes libck. and oc- 
OLsioniLlly gray* Some resemble glnxed wan?, ^lost of tiiem are 
about the sine and shape of a modem tt?i){>ot and have often peculiar 
forms of spout ami Hd, (See lig. 3.) 

The peculiar rectangular ohlong or traper^oidal eiirlbenwarc tableU 
sboiild also be meniioned. These are sometimes rt.'j large aa the lumd, 
and are often d«.t>rAted with bumaii faces or eyes, or with other more 
or less faiitiistic designs. They are jflipfjosed to be toy.'; or dolls, on 
what grpunds I am not JiWe to determine. More pmbably they were 
chanits or idol& 

Animal figures arc few and small. Bear and bird heads arc found, 
and occasiooilly feh beads. 

Personal ornaments appear in the shape of stone and clay rings, 
hoUow clay tubes, beads of bone and clay, aiwl also the numerous 
cmmrna-sliaped objects 3 to 5 cm. in length, nr even longer, w‘hich 
are I'alled mngatonifl {croohtti [cwcfa), and which were the moat 
desired and priaed personal Jidominentij in Japan well into the his- 
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toricaj pcri«l- lu the sheJ! heapj^ they are of ,^tonet horn, boar or 
woJf teeth, and in the graves of the imn age of glussj carttelian, 
rook erytftaL cjiiartz, and nephrite- They are genera lly ptrr fora ted 
at the thiek end and were worn on a strlrig, together with lieiids and 


PfQ. a—i^d moo- rwnt want fnjn, Mflbpria /ii|win. Tllf* nn thm rrpiwr left 
IV nmtuna ■!». thu oihmrM ftEw-balf. B««li ^\lf^tlan. 


biigrlcs of tilt* snnwr material, as a ticcklaca. Their peculiar shape 
has jsfiveti rise to many conjoctnres. Probably they were originally 
teeth or claws of wild animals, which were worn as amulets every- 
where in the stone age. 
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I show (fig. 4) for rompiiri^on a picture of die cnniiii! tootli of a 
wolf (now m the Britkb Museum) from the French paleolitlitc 
imves of Laiigerie Ba^ oiid an animal tooth from ii E:bcJl heiip in 
clnpan. The figures culled ^ and d are niiigntonia of ^ecrjientiiie or 
rock crystaJ from Japanc^' gnives of the iron age* The last form is 
the mtist frequent, and it is this form which is coinmonJy meant when 
iiiagutuma lire mentioned. 

Diinitz tliinks that the shape of the magatamn indicates n *^syTn- 
hoi of tiisciv'ioiis meaning.” Others see in it a picture of the wing 
of a certain butterfly^ Sometimes they look like a little fish* My 
opinion is that originally lliay were used as cbiirms, either to protect 
the wearer fcoin the animals from which they ii^me or* in the case 
of the fish-shaped otn^ to attract the fish. 

Some ^lecial power must have been attributed to thorn* ftir their 
value Ds omametits alone doea not plain why they were used in 



Vvu 4.—SUtfAlHiiiA, luhml ihv. (to llolOKiri toplh from Lno^rle Bupvt, 

$H- (P4llc4tlEli-l7l ; H %ak fiTHB ft JuponrAr' ftliitll ; q nod d ftro fro-m th& j^rnTe* 

ot ibfr Jmpftilexv I 70 Q ttiQ |l>!»lEiacn p«r1od>. 

mythical or half mythical times as iewela of the godp* of the Emperor, 
and of other persons of the hJgbest rank. A magataiim k even to-day 
one of the thirty emblems of sovereignty in Japan* Their religious 
significance can be seen nlso froai their use in the Shinto ritiinl and 
from the further fact tliat two or tliree such n^nima-like figuivy^ fonn- 
ing a circle appear frequently on religious and ritualistic cihjects all 
over eastern A-iia. The circle, made up of two ^ one red and 

the other gnH’n* is the national emblem of Ivor&a. This furm repre* 
penis the tnasculme and feminine principleat—Yung jind Yin of the 
Chinese^nd ako heaven and earth. The triply divided circle rep¬ 
resents heaven, earth* and man (the product of the two)- The Swasr 
tika, in my opinion* belongs to the same groiip of ideas* 

Horn and bone are found implementii, a«cli a» ncwdlifs. owls, 
iitTow points. harpootiH. pipes, and also, but mneh less frequently, 
fashioned into ornaments, The bones occurring most commonly are 
from door and wild boars, and occosionallj from dogs, wolves, and 
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niDtikeyA, Among the monkeysi Ptofcssor Slor;® has recognized u 
Ivyiio|)itheeii<; 1ir$ides the Macacus found in Japan to-day. 

Human bones are found in the shtipe of fragmenta of tubular liones, 
Buch 03 the humerus, radius, ulna, femur, tibia, and fibula. SoniE- 
times they are in a condition which points to cannibalism, Onlv in¬ 
complete fragments of cranial and face bones have been discovered.* 
Tlie tibia are very flat, and in this respect the people of the shell-heap 
period closely resemble I he Aino. 

The shells of niollusks are naturally found in large quantities. 
Sixty species have already been determined, which, as might lie ex- 
perted, are distributed in varying nunibera in different places. In 
this eonneciion Morse’s observation, that the mollnsk fauna of Tokyo 
Bay has undergone a decided cfiaiige ance the building of the slielT 
heaps, b of esp^ml interest, as it indicates that these are very old. 
Professor Milne is bold enough to name a definite age—three thousand 
years. But it must not be forgotten that the bay of Tokyo has 
changed very much. The whole eastern coast of Japan in that 
vicinity is slowly rising. A large part of the area of the present 
city of Tokyo lay under water a thousand years ago. and the hill of 
Ueno, with its celebrated city park, was an'island five hundred yeai>i 
ago. llie great inflowing rivers Imve partly filled up the bay at the 
north end wliere the shell heaps examined by Morse lay. Therefore 
it k quite possible that the smaller percentage of salt in the water 
and other conditions altered the form, size, and ftiequejicv of the 
conchylia within a comparatively abort period of time. 

Ti\ liile^ the remains of the stone age lie scattered promiscuously 
around in shell heai», and while no regular graves of that ijcriod 
are known, it is different in the metal age. This period may be 
divided into two parts, a bronze and an icon age (there has been 
no distinct copper age in Japan), hot white in other countries we 
often find transitions from stone to bronze and from bronze to iron, 
the deposits of there three periods in Japan lie unjnixed side by side^ 
or one lies on top of the other. * * 

That the people of the metal period were different from those of 
the stone age is evidenced by this lack of transition and by the dis¬ 
tribution of the metal finds. There rease to the northward'of Tokyo 
wraewhai beyond the Kwanto Plain just where the region of the 
Amo began m historic times, and where the stone weapons and the 
corresponding pottciy- reached their highest development 


Sliu^ tl,c "tore has iK^a written Do«ar JJiiaro. of Yakolaima, the dlatln- 
fhT aaeo^cltxl [u eximiuinB at* Bkulla of the stone aae 
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containing iron hiivo ncTer lieon found in thiF Xihq t^rri- 
torvi isncl t^tone weaiponH nev<^r occur in tho t«ontaming metal. 

The real fiui-srtion i* whethot the hron^-using peo|3lc urn identical 
in nice ^vith the iron people. Even if they are, wc must as^nime that 
there were two distiotrt surges of immigration separated by a eon- 
sidcrable period of time, the firi5t consisting of people in the bronze 
age and the second of people in the iron age. Ihe latter imTiiigrants 
became tlio masters of the land, and the dolmen giav^ belonging 
to them were built even into the historiL-nl periCKL Their sway rep- 
reseistii the dawn of twilight ut histon\ Tliere is no doubt but that 
th^s iron-age i>eoplc were the direct forelmi-a of the present Japninse. 

Tlie difference of the broiis&e and iron age 
folk appears further probjible from tlio fact 
that in the oldcsst .Japanese annals (Tt'2 and 
720 A. D») the word bmny.e b altogiHher ab^ 
sentj unless ims^ibly the won] lor oopixw in¬ 
cludes bronSEc^ lii any case the annals 
consider iixjii as the only metal uf^ed in swords 
frtJm the very beginning. Even the sun gtul- 
dess has an iron sword. The bronze swords 
discovered must therefore come from ii not her 
people or Iriboj though the race in both case^ 
may have been the same. 

That both the bronze and iron people 
broughl thdr coltiiro from the routinent is 
$^liown not only by the geographical positioit 
of tile country and the indications of ancient 
legends, but also by the nature of the grave 
deposits. 

The tjronzc age can he disposed of in a few 
words, for compamlively little is known about, 
it. There are no distinct graves of tliis 
perirxl, although bronze wcnputis and other 
impletnents often occur near the surface in fields or clearings of south' 
wtsiteni Japtiii. Together wdth them are somelimcs found ungbzed 
bund'fashioned cups anti Ix^wls of red clay. The bronze swords and 
lances ure double edged^ and they similar to those of the bronze age 
in Europe- They are iiften so large that they wcrt‘ perhaps intended 
for sacrificial purposes rather than for use against enemies. Both 
these weapons and the rather infrequent arrow j>oints are well fin- 
ished. The latter are found in the iron-age lomlx^ whereas the sworda 
i^f the bronze and Iron agea totally different, 

Celts^needles, aud fibula* atti not found m .Japan. In plowing their 
fiehls* pcfuijinl.4 occasion ally unearth, besidt^ little round bcUs. very 
peculiar large flat belhij made of thin bronze, as much os SO cm. or 
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morB In heigliip That weru Lntejitlod io b? iumg up is sl^own 
by the bolt nt tht^ir top, but ivluif tli^y wer^ UHe^i for and wbi^rH thvv 
c&tne from do one knows* TJit*y are ^DerailJ” aitriUulefl to Chinese 
origin- Tliey show tinelj worked geojnetrieal de^^igti^ mid often quite 
u number nro foitnJ together* 

The helb occur only m the Ticinity of bronze weapotu^ in ??outheni 
Japan- especially in the part lying nearest tlio eontineiil. The farther 
north the less frequmtly do brojiza artkleii occurs find on the northern 
side qf tlie inland sea tliere arc none. 

Although tliere can be no doubt but that weapons were c»st 

in Japan., niold» for casting SB'ords having been founds it is doubtful 
whether the bronj^o itself came froui Japan. Several Japata^ 
archeologists think that alt bronze wa^s imported from China or 
Korea* In early times noither copier nor tin niinf^ werv^ known in 
Japan^ and when tha lii^t cop|>cr mine was discjovored there aljout 
700 A- D. it was considered an occasion for national celebration j ami 
yet the bronze age must have antedaUHl this by iLt Itaist IJitX) years. 

Few ornaments of the lu-onze ago nro extant Tliey are principally 
Iwadsi, bugles* or magntama, made of rock-cristal^ steatite, and josiicr. 
Unfortunately all dii^verics of the deposiCa of tho bronze age were 
made by accident and by uneducated |jie<>ple, -50 that a systematic 
ootuddenition of them i^ out of the questiom The thix>ry is that the 
places where the bronze piecss are found Avere original Ij graves, pn>b- 
ably covered by a small tumulna which gradually wore down or tvus 
destixjyed liy the farmer. Whether or not they inclosed sarcophagi 
of wiHid or of soft terra cotta can iicjt Im^ deiemiiuwb If diere were 
any. they hava Isam totally deslroyrd by the wentiiering^ as have the 
bonew^ of the persons buried. -iViiything like a stone lining has never 
been found* 

The iron age In Japan is at the same time the dolmen age* W. 
Donitz haa described the dobiicnH in the volume of 188T„ page 114, of 
these Proceeflings.* But Hinoe Donitz hininielf only saw a feB* dolmens 
which were furthermore empty, little is addvd to the stim of knowb 
edge by hiiiu especially in oottiparison with Ihe hif^ily interesling 
mvestigatloDs of Gowiand, who pul dished the results of his work 
begun more than Uiirty years ago in the Loudon Archeologia for 
1897. Gowland himself has examined more than 400 of the ISOO 
known dolmens* many of which were untoniehed, and has gathered a 
valuable mllectiou of objects out of them, now exhibited In the 
Britifih Musieum. 

The dolmenfii in Jajsan are all megalithic stnietures and were cov¬ 
ered with tumuli^ often of large dimensiioiis. If many of them stand 
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iiJicoveji?d noTf, it is bccuiis^ the tiimiilus has been removed by climatic 
infltienws or l>y the hflnd of man. 

Tlie simple stone chambers, or ntone cists—that three perpendicu¬ 
lar slabs of Htone covered witJi a very larfie trap stone—are not fouiul 
in Japan. This is the more rejnarkable from the fact that in Korea, 
mostly in the iiortliern psrU I have seen a great numl^ of thc-iCj 
while megalithic dolmens appear to be lacking there. 

The stones of the Japanese dolmem^ purticularly the roof stones, 
are often very large, but regularly hewn ston^is i^re the esceptioti. 
There are, according to Gowland, only four dolmens of the last. 
K^rt. and they I belong to a comparatively recent period. Gencnilly 
they are put together without any mortar (whidiT Iiowe^^r. was 
cloiibtli^iy known then) and the interstices lilled with small stones. 

Occasionally true rock graves are founds graves of regular shape 
hewn out of the rock. Judging fiv>m the finds in them they Iwlong 
to the doitnen age. They differ in tlieir whole execution from the 
primitive enves mentiotiecl before. 

Gowland differentiates four forms of the dolmens: Fit^i, the sim- 
])l 0 covi 5 red passage (a 11 ^ eoiivertc); second, the yoveretl passage 
broadening out on one side at the inner end into a chnm 1 >er : thinh 
the same form with a syimnetrical widening out on both sides (thia 
h the most iiEuial form), and fourth, dolmens with two scpamied 
dmmlwrs one lying ijehind the othen 

Tt L+ likely that the la^it form always represents a later stage of 
development; perhaps al=o the social position of the deceased in- 
fluenct^d the forin. 

The chambers are rectangular in shape. The length vanes from 
14 to 8 mclers: the gallery leading in is often longer. The breadth 
of the chambers is geueraliy less than 3 meters and tlic average height 
about 2 meters, although it may rise to 5 metem Some of them are 
vaultlike. The tumiilufi over the grave is sometimes: as large as 3 ff 
meter? in length and W in height, hut ufuially only half that size. 
The entrance is almost always from the HOiith. though ftetpieni ly u 
little toward the eai^ or west. DevdatiorLs amountiug to which 
lire oljwrved in the large Japanese dolmen as well ns in the iutuill 
dobnens iif Korea, can perhaps^ be explained from the time of year 
of the burial. East and west are eftsicr to detemiine than tnie south, 
on account of the rising and setting of the sun. In midsummer the 
sun rist^ tow^anl the nortlu in w'inter toward the south. If the people 
founded their orientation on tht^ rii^ing of the sun^ as thev probahly 
did, ?»iith would 1m; too fur to the east in snunmer and too far to the 
west in w'inter. 

TiVhether the peculiar position of the dolmen entraures toward the 
sol nil is to 1 ms attributed solely to the aim and its worship, or wdiether 
it is based on some other rcligioiia or uhtrcmomical idea^ ti ia ilifficult 
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to determine, T may remark in this connection that in China from 
the earliest titnes, the Eiuperori the repiT*entiitive of lieaven on 
eartlj, Ijoro the titJe "The south looking Eni|>eror/' The biHlies 
were burieil uncremated^ but the Ijoije*; at the time of the escaniijmtion 
had usually disintcgi'uted. Wliet^e the poiiitiun of the liody could 
be determined it was genendly laid in the direction of the long axis 
of the structure, thai is, nortli and bkuitli. Tlie laalle^ by on the 
tlixsr, which was rarely jMVed with stones or covei^id with plaster, but 
at other tinier sar¬ 
cophagi of stone, 
terra cotta and 
w-ood were used. 

One dolmen 
ally sen etl for only 
one or two persona; 

Interment of a 
larger nnintier w^is 
very ififretjueiu and 
probably itidicnted 
a family vault or 
tlie death of many 
from sonic special 
occurrence, 

A particular form 
of gnivc is repre¬ 
sented by the im¬ 
perial graves (Jap. 

“Jlisasagr') of the 
dohiieii period. 

They would be 
more appropriately 
termed priticcly 
gmveSy iiince they 
do not otx'iur only 
in central Japan, 
where the Emperor 
ahvays lived, bur also in all the districts where dolmens abound, end 
which must be considered as the seats of great feudal princes. These 
gnives are often only a kind of uniiaiiany krgu dolmen mountls^ yet 
they are prominent not only by their often enormous diniensiornt, but 
they have other peculiarities. Iti contrast to the pofdtion of the doh 
ineir^ on hi IK theie in'll ves lie principally on plains. They are double 
mounds of a characteristic form (as the accompanying figure by 
(iowbnd sliOVYs), consisting of a trapezoidal mound Jkt on top and 
often termced. Joined to a liigher circuhir one likewke flat on top. 
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the mouita Twtwftfo wil;^r fiarfiiM li ^ 4 ^,- 

ur ibi^ mciutii^ 0^.11 tbtf flcbcimitlc ottlUnm uf a 
hllBUUI RgllFr. Ttili^ dotted UDi4 iDaiOllll IVII'II of cllj 
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Aroiiftf] flip vrholc siruotiire runs n lurge tlUcli or moat. The orJenca- 
tiofj ot tJu' lon^ dimension is east and west. The entnince to tho 
iloImeM Is in tiie soutli side nhoiit a thinl or half wiiv up the cir¬ 
cular tnoiinJ. It contains one and often two istone nr term cotta snr- 
copbagi. At otbrr times the sarcophagi arc burits:! in the mound 
withoul any real di^^lmen i^rnctTinj. Xlie whoJo mound is surrounded 
at different levels by several rows of short, hrottcl, hollow tubes of 
tcrra-cotfii planed close together. The total number of these often 
runs up into the tliousands. The terra cotta figures, called Tsut- 
shinigyo (earth figures), ajv? also found here, bin only n few are 
preserved, flince most of them soon munble away in the open air. 

An idea of the enoriiious labor W'bich the erection of such grave 
mounds cntiiiled may Ite obtained from the fact that one of these 
misasagi with ilii moat cover:? not le® than 200 acres. 



^Ih 0^ f««l 
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Daring the many oftoiuries of Shogun rule, when the Emperor was 
a purely nominal potentate and lived almost, a prisoner in bis cttpital, 
these graves w-ere so completely ueglwterl that farmers laid out fields 
on TOine of them. Dowlnnd found ihe lai^st grave mound he e:cam- 
inetl enticdy given up to agrieiilture. 

In ISfifi. however, the Emperor was fully mnstatwl in his ridits 
and power, and kiirv then all tlie imix-ria] mounds have been rigor- 
nu« y proh^teil Tht;y are fenced in and Shinto temples have ^n 
emj^ at their fwit. 11,ey particularly numerous in the provinces 
of \ainato and Isawach,, and they have a very imposing and staielv 
as they nse from the plain. Each one m attribnted to ‘a 
gjcf ml Emperor, but it ,s doubtful in .onm cases wheUier jaat that 
rimijeror" tiamc thfi Ix^Arw lies tlitre* 

and^of^a^^h,!Tr1J'' niimeroas 

and often valuable from an aitiatie point of view. 
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Of tliP weapoTifi the tuoai. tliamcteriatic ait* the iron swords, wlucli 
diffiT in form as tnueli from the swords of lUe hnin^R age bb from 
tluMO of the Inter Japniicse-, wliieh, as is well known, curve iMckwn^ 
toward the [x>iht. Tlie iron swords aiie [lerfcctly straight, with n hilt 
long enough for both hands. The length of the cutting edge is gen- 
enilly from 80 to 100 cm., and the grip frmn 15 to 30 cm. The swi>r(b 
are inatsed in u wooden sheath. This is often covered by n copper 
sheath, on which in exocptional rases a gold aheath is hammered, with 
designs of dragons and other things. 

Tliese sword-s were not thrust into the girdle like the later .Tapaneso 
swords, but bnng at the ginlk or IwU of the wearer by a loop fastened 
to two eyelets, on the sheath. Iron lances or spears upi>ear to have 
lieen little iLsed. Arrow {mints of iron and pieces of ornamental 
gilded bronze bits and horse trappings have been found. The .Tap- 
aiiese of that titoe must hove been keen horsemen, for such articles are 
often quite numerous in the more elaborate graves and are of varied 
and beautiful execution. 



Fm. IL^Swordi oimusemlni wllh iftitd frem a JJowum 


Pieces of ^rmor aro nsre. probably becau^ tho Iron has l.>een J&- 
fftroycLl by rustp Tbi? Tokyo Jluseiim, kowover, |>osscsscs some large 
and wdbpres^^rvcd #:pecimriLs of iron brenstplatos mul .^v^eriil liol- 
one of them finely gilded. Out of ilie same grave witlj i^ome of 
these objects was obtained a pflir of perfectly prcJierved gi>li|-pbUNl 
copper shoes. 

Although iron swords are ninch more common than bronze swords^ 
it 18 doubtful ill their cose, too* w'helher they wm made from native 
Tiiuterml. Xo tnitiess nor iron works b^ive been found* and eveu 
to-diiy Japa!i la a onimtry poor in irpn. 

It is a remarkubie fact that among tlu? gifts of a King of Kticlnru 
(in Korra) in the Uiirt) century D. fifty bars of iron are explicitly 
meritione<l. A great niany swords could be made frojii thes 4 "- 

Wliate^-er bronze objects are found in the dolmen graves arc in tho 
form of ornaments. Bronze mirrors plainly coming from Odna 
(some of them being dated from the Han dynasty, 200 B- C. to 300 
A. D.}, little bronze bells for horses* hor^ bits and trappings* and 
bronze arrow jxiUits are anioug Ihc most iiumerouia. Besides the« 
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there are gold-plated rings of iron or copi>cr made wkliout soldering, 
of tlie sitmo form and terLnicjiie as thn^^ in ihe more eln1x>nite gmvea 
of tlie bronze and iron nge in Eurot>e. Some small rings of milid 
gold or silver have also been found. Among the other ornaiuimts 
limy be nieutioned little thin plates of gold and silver useti as trim¬ 
mings fi?r clothes, gln&i and stone beads^ and bugles. Gowland found 
no than 1*018 specimens of these last omamenls in one dolmen 
grave, together with the com^nn-^taped niagutaiiiu already nientioniKL 
'J^he last are not so ntinierons, however, Steiitite^ ja_s|>er» agate* 
r<H!k errstal, and occasionally the ft>reigji stones, chrysopnis and 
nephrite, are used for this jewelry. The prevailing colors of tlie 
jewelry arc blue for the beads and a dull green for the stones- In 
many graves are found small models in steatite of ivooden sd^oes, 
combs^ spindles, knives^ daggers, arrow [xiints, and 
:^iue radially stri|>cd di±ik-6bapci:l objects, whose slg- 
nificjiius; Is not known. They are^ from their shape, 
called wagon-wheel stones by Japanese archeologists. 
The jxjtterj* of the doltiieiis has bccti des^cribed in 
di^tail by IlvmitZr and the principal fontis are ligiired 
in his paper already quoted. He rejects the idea 
pitvuient amongst the Japanese experts, of Korean 
origin or iiiflueuce in regard lo this potteryj as in Uis 
opitiion the ancient Koreans themselvci^ were un¬ 
skilled potters, and as the Korean pottery used at 
the ceremonial Japanese tea ceremonies (dm no yn) 
w as shaped by hand and was of a rougli type^ while 
the gray dolmen ware, although mostly unglazed» 
wjiii was alw'ays made on the wheel and k of a much 

iiigher artistic standing. The dm no yu ware, how¬ 
ever. is of a much later date and only part of it comes from Korea, 
while the day vesseU found in the old Korean graves are nnmk ink- 
iihly identical with tlic Japanese dDlmon pottery* 
l!i any enw the fact remains that even before Chrkt artistic and 
well-foniietl ves^ls csi^jted, which were shaped upon the wheel* and 
yet centuries later potters were brought over from Koi'ea. Tn Japan 
itsdf the beat putters must have lived* not in tht imperin] prx>viiice 
of \ arnato, but in the distant province of Idzitmo, the seat of the mast 
aticienl culture, whither the Govemment i^ent again and again for 
potters when they were needed quickly. 

Tn ronnErtioTi with the pretty coni-cal stands or of some of 
the vases with triangular and rectangular hol^. I may remark that 
i have seen in the museum at Cairo very ancient Egyptian dav vases 
with the same striking oroamentation. Ddnitz tliinks tliat the holes 
were put ill to facUltaie the baking, Gcwland cunaidei^ them cutircly 
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omametitul. Perhaps a fire was made in the carity to warm the 
liquid in the how] or vase on the top> 

There is a special sort of potter^' which Diinitz docs not mention, 
viz, the clay cylinders and figures which, unlilte the gray vessels 



Fltt. 10—T*™ a JB„, iwiswly grtrcii of tlw Iron 

pslnli'd ni. After Tiulnl: KukopOia (Artbeoit^K 


Tilei wn 


^^ing m tlw iiaide of the dolmen, are found on the outside of 
thfi mpertal double grave mounds. They are made of a poorly 
baked red terra cotta, and for this reason are much inclined to diL 
integrate- The cyliuders aire about ±0 cdi, high imd 30 to 35 em* m 
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orfler to serve 
in the next wi 
111 -Tupnti tlile 
man Kaierifiee 


diiuneter, ami bt4md by ibe liunditHis or thoiisiaitds m rows one nbovo 
the other on the imperial giaves* Their purpose is not known. It 
tan* as Go w land saj^H ha nil v be to protect the mound from eroKion 
fay the weather* on account of their ijosition, and it is also Improbable 

that they were set 
up or laid there ai^ 
a sstthslitute for liv¬ 
ing senante buried 
%vUh the illustrious 
dead. On the other 
hand, w"e may as¬ 
sume that the less 
frequent su-ealled 
TsiiUhi-nigyo (that 
bt earth figures of 
men) found with 
the cylinders served 
that purpose. Aii 
in almost ail half 
barbaric ancient 
CO ant ries^ servants 
and slaves or war 
captives were kilknl 
at Llie tomb of a 
prince in dapan in 
re him 
w^orld- 
hu- 

saerifiee took 
the terrible form 
of burying the vic¬ 
tim in the earth up 
to the breast, caus¬ 
ing a lingering 
death from hunger 
and tlnrat or sutfo- 
cation. An emperor 
is said to have been 
touched by the cries 

Fla. 11 .—T^rri «i-ni D^goti* irlfh ^riimr Opr? imnr nsda'hd and gOnans of thcSB 

□f.priw*- AR,rT™i»it unfortunates,which 

lasteil several days and niglilSr and therefore* on the advice of a 
famou!!; official* he issued an edict that in the future the humaii sacri¬ 


fices should lie stopped and the servants replat'cd by clay figures which 
were buried in the luumli. Probably thk was, as in many other 
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caffes in .THpaitj an itnilation of a Cliinese cn^tom, sin« a substitution 
of figures for human snf-rifires is menlioned there much earlier. 
These “ Haniwa nig?o'" or Tsutfihi-nigyoj somctijnes €0 cm. in height, 
are of value because they sliow the dress and amior and the orna¬ 
ments of tJint period. The?" are ftlsn interesting in that they have the 
features ’a hich distinguish in Japan the refined north ^[nngolian type, 
of graceful, dender build, aijiiiline nose, and narrow slanting eyes, 
in strong contrast to the stone-age figures previously nieiitiOntHh 
The hoRcs forujcrly sacrificed at the tombs were aliio replaced by 



clay horses. 

The dihtribulion of tho dolmens is iutercstmg and at the .^^ame time 
gives art idea of the political and ;^ia] state of afFaiils al that time. 
A glance at the map simwsj that, geographically Japan is divided into 
two almost eqtial parts, 
a Tvestarn half (some' 
what south, to he sure), 

-which indiiclcs a part of 
the main island and the 
great islands Kiii^hiii 
and Skikoku. and an- 
otliiT half running al¬ 
most north and south, 
which ia made up of the 
larger part of tlie main 
isdand and of ifem 
Tlie two parts arc joined 
almost at right nngles 
a broad isthmus at 
l!ifi-I3T" longitude east 


of Greenwich and 
35^" iiorLhorn Utitnde. 


Fic. Cl*r hwrw Ifom tht ktuvc- Hjonjitf or A ptloci 
or tax 


This isthmus form^ an important ethnical and civilizational bound¬ 
ary* The bronze culture is absolutely and the iron cnltune nearly 
coniiiicfl to the country west of the Isthmus. Northward of it ia the 
uiain region of neolithic culture; only here are found the well-finished 
stone weapons and neolithic human clay figuri^ in any quantity. In 
this liirgo northern territory we find, however, one weli-circumscribed 
oasis of iron-age culture with dolmcns~the fertile plain around 
Tokio with lha snirrounJLng mountainous country. 

Besides this isolated group in I he north, we can distinguish live 
other centers for the didmuns, two of which lie in the great southern 
island of IviuslLiu. Tlie smaller one is near the Pacific, in the province 
of Hiiign, where the griiudfather of the first Emperor is supposed 
to have come down from heaven and whence lie is said to have started 
on his victorious march* This took him first to the north of the 
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Kiu^hiii. Here we find the second large dolmen region, including 
ilic h\\ind of Tsushima and the provinces lying opix)a]te tho sonthcrti 
point of Korea, a region whei'e bronze weapons arc especiiilly fre- 
quenL This rt^gion was afterwards for a thout^nd years the seat of 
powerful vawsalsj who Avere often enough arruywi iigainst the imperial 
court. From here, according to the Jnpunc^ aiinal^ the first Emperor 
continued his journey acrosjj the bay of Bbimonoseki to the main 
island aijd miuched along die shores of the inland sea. On this road 
we encounter a third dolmen center in the province of Bizen. The 
conquest at last renebed its goal in the central provijiccsj the Gokinai, 
which were from tJien the seat of the imperial rule for more than two 
thou^nd years. It is no wonder then that we find here the fourth 
and largest of the dolmon cenlent 

The liftiI lies along the northwest coast of the principal island in 
and around the province of Id^umo, wherOy as mentioned above^ the 
conqiieroi's already found a dvLlized people* Tho sixth is that in 
sud around the Tokyo plain. 

Thtm the h-gendory stories of lUicient ffapnnese history are cor¬ 
roborated by the archeological finds. F'rom these we learn that the 
invaders, a people in the iron-age culturej took possession of the 
fertile coast stretches in the southwest and spread out to the east and 
north along the ocean. In Vanaito and Idzumo they encountered 
organized eominimities of a cultivated and propuhly related race; 
ihese they suMued only after a fierce stru^le. The regions where we 
find the Dolmen centers were ruled by feudal princess who for a long 
time recognizcil tho Emperor only as primus inter par^, sdnoe they 
Were burieii in a similar ULanner its the Emperor liimself. Tlieir 
power Avas gradiially absorbed by the etnpcTors in YamatOt and ut 
last these were able to proclaim themselves sole rulers by the grace 
of the gods.” 

Tlie perioc! of the imperial mounds os avcH ns of the comirion 
dolmen mounds Avhjch are found in groups of 10 to 200 at the foot 
or on the slope of hills, probably began at least in tha fourth century 
B. c., periiaps a good deal earlier* Its end is fixed about the year 
TOO A- D*, since at that time an imperial edict was issued forbidding 
this form of burial. Cremation was then inauguriited under the 
influence of BuddhisiiL 

It is noticcabk in connection with the Japanese dolmens that (1) 
they are found in neither the ^tone nor the bronze age, but Iwlong ex* 
cliisively to the iron age; that (2) tliey are always of a inegaliihic 
nature, simple stone vaults or so^^lled cists noi having been found 
so fur in Japitm althougl] they are numerous in Korea; and that 
(a> the country where they are found is entirely isolated frtm aU 
regions with dmilar structures. It is nece^ry to go as far as tho 
eVipian Sea or to the northeru part of India to find anything like 
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them. Blit their most sbailar counterparts existed in prehistoric 
Northern Europe. 

In sumuiing up the whole subject hrie0y we may say; The oldest 
inhabitants of Japan known to us, the Ainos, lived in the stone age 
and have left their traces in the sjiell heaps and many other places. 
Formerly they inhabited the whole island, but were gradimUy pressed 
towards the north, where tlie stone age prevailed even within the last 
thousand yenrs, and where the products of that age reached the 
highest state of development. The present Ainos make pottery no 
longer; they have for a long time obtained their pottery and other 
vessels from the Japanese, when they could not use thoir own wood 
utensils. 

In the second place, there lived in the southwestern part a people 
uf the bronse age who did not reach the isthmus and the Biwa Lake 
towards the north. These cither drove out or subjugated the aborig¬ 
ines of this region. 

Finally there appeared in the southwest a conquering people 
of an irtm-a^ culture that took possession of the territory of the 
bronze people and gradually extended, their dominion over the wholo 
island ctupiro. In the seventh century A. D. they liad only pene¬ 
trated as far as the region somewhat north of Tokj'o, near Sendnig. 
In central Japan, in Yamato and Idzuroo, they had encountered and 
subdued organized tribes which were not in the bronze age, for there 
are no bronsH! weapons found in Yamato. Whether these tribes still 
used stone weapons or whether, as is far more probable, they already 
hud iron is an open question. 
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By MciaUitKll Nat titj;, d. C- L-p D., etc. 


\V\w the Egyptians? Were they ft natire raw?* Itotti in the 
country' whidi thev iiihabitefL or diil th<»y wme froni abroad M 
imruigriiiits? Were they a nrixed popiiliitlriii^ and if *40^ ca^n we dis-- 
litiguLsh the various elementB wbidi formed the Egj^ptiau nation? 
’Tlietie questions liuve laldy <K?ctipied n^ost intently the attention of 
Egyptologists* Thr excftvatjon.^ nm^Q during ihe last twenty years 
enable 113 to give iin answer very different from the ijoint of view 
udvooatixl by such masters as I^psius or E* de Rnuge^^ 

For these two pioneerK in the field of Egypliim lua ruing the Asi- 
IItic origin of the Egyptians seemed n ccrtaiiify^ ospedally for Lep- 
Hhi% who bud been veiy murh stnieb by the fact that tbo oldest 
iiitmuinent^ known in his time were tlie i\^Taniids and the tombs 
around tbenn while iu Ethiopia^ as far ust the province of Fii2tx|h b<3 
found nothing but very late monuments^ The condumon he drew 
from what be mvf wa$ that the Egx^ptians bad come through the 
iFthnui-H of Sueis^ and that after having settled find: at Memphis they 
liad extended in the valley of the XHoj the cmlimiion going up the 
river towards the south. 

This idea seemed justified at a dpie when nothing wio? knowTi 
of the tx^niiing of civilization, whieb appeared from the lin§t as 
complete witli all its special characters. no truce hud yet t^jcn 
discovered of Its first steps, of a lower and primitive stage out of 
which the Egypiiati culture might have emerged^ it was natural to 
iojppQso that we had before us aji im[>ortattQi] from abroad, ajid that, 
if not the vvhole^ at least the principal feattires of the civiH^ation 
were a product of Ab~ia« whence they tad been brought by tlie first 
settlers in the valley of the Nile. 

One of the first to dispute tlio Asiatic origin of the Egyptians was 
M* Maspero, who in Ills Hi^ftory of Egypt (18D5) statcM that “the 

"RepHnitfrl ftom iho Joumai u£ the rtoysL AattiniihDlo^IcnL Instltiitr-, VoL 
XXXVll* ItiOT, by permlialea nf the councE]. 

^ R da Rou^^'s Idm Jto been ex[iouiiUerl by his aQa» J* fle Rmg^ (OrliilJie de 
tn liacv 13j0^5t Eeiuie, ISOTO , "Tbe irtartlni^ iHlIiit of the Ei^'ptUin iieeplefi ts 

tip lie loclcucl fur In Asia, whvoi lliey la Ibu uelgmH^rliood of Hid uiiLVStqn 
of tiio CluildcaaR.'’ 
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IiypoiiiCidB of an Asiatic origin^ liowevor attractively it may swm^ ia 
^niewlint difficult to inaintaiiii^ TliE? buUr of the Egyptian popula¬ 
tion presents the cliaraeteristics of lliotso white racoi^ which have btyeii 
found establidled from all antiquity, on the MediterriuuMLn slope of 
the Libyan continent.'^ * 

Since M. Maspero wrote liiese linest the excavationa of JIM. Petrie, 
Morgan^ Anielincau^ followed by several otlier esplorexs have re¬ 
vealed to us the primitive state of the Egj'ptians—a degree of cul¬ 
ture whieli !iad not gone beyond the stone age. Tlic tombs di^ov- 
ercd in various pkces havT prefervutl not only tlio Liodics of their 
primitive inhabitants, but also tiieir implemcnli^T their lools^ wbat 1 
consider to be their idols, and pottery, the painted decoration of 
which shows their mode of life and their oceuprttions. 

These tomte caused great astonishment to the explorers who first 
opene<] them. The idea of an Egi^ptinn burial w'^aa, till then, so inti^ 
mately connected wdth mummification that it seemed strange to un¬ 
earth small tombs of oval or rectangular fonn, in which the body lies 
without any trace of mufntnificution. The skeleton is folded^ the 
knees being against the chest, sind the hands holding the knees or 
being at the height of die moutli* This has Ijeeii called the eruhryonic 
position, Tt is not the only form nf burial. Sometinses the body has 
tieen broken in pieces immediately after deaths in other cuses tJiere 
is what is called a secondarj' burial. After the ttesh had lieeii de¬ 
stroyed, the bones liave been gathered; occusiotially an attempt has 
been made to give them the embiy^onic postut^^ or they have been 
jumbled together in the tomb; bones lielonging to various iKidieB have 
been mixed, so tlmt Mr^ Petrio believed at first tiuit tliose biiriuk 
showed us the remains of feasts of canmhals^ With tho bcxly pot¬ 
tery of difierenl colot^i is fuiitid in the tombs, and also vases of hard 
stones, remarkably well made and linishorh ti few‘ rude Itu man figures^ 
some of th^i characterized by the steatopygii which exists in other 
countries, and witli distinct traces of tattooing, tools of ivorj', flint 
instruments, of e.xqumte workmanship, and a great numbcir of slate 
palettes. Sometimes the latter have the forms of animals, chiefly 
birds and flsht!^; others mre mere lozenges, The purpose of these 
elates has not yet been elenrly recognisscd. I am inclined to think 
that they are the images of food offerings, when they are in tho 
hand of the docea-?od, who holds them up to his mouth!, or they may 
be amulets or images of divinideo- 

That ia a short description of what are called the prehistoric or 
preilynostic tombs of tlie old Egyptians*^ They were first (liscovered 

• n^wti of civ HI ml 1 ™. p. 4S. 

“lies ritin ftin4^niire« Uiw I’li.TPtlena iir&LlstHriiiiies,'' Aunale? ile la 
£9oct^ta SkzVentIBqae Jc Untselies, f_ XXLW 
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in mifJdto Efrjpt; but, lately^ ^-{railed prehi^itoru: eameteries have 
lx^en found nearly a vary where a|>ore the Delta^ so that we have here 
u fxksitive proof of the existence of a people whicli htid not yet adopted 
Egyptian cu-^tom^3^ hut which occupied the whole of the valley. 
Therefore I can not consider tho name ** prehii^^toric'^ aF Iwing cor¬ 
rect. Xo doubt Lite ^lale of eivilisiiitioti rcvenleil hy these tomijs ia 
that wditeh pri'cetled Menes, the first hhuorienl kiug^ but I cam not 
Lidimt t hat jt Klioukl have ceased when the foreign Suvaider^ conquered 
the niUive ruce and iM>Uled in the vallcy^* Certainly a vase in ml pot- 
tery% ivith biuek riiiu of the kind which is mo^t eommonly found in 
those lonibsH, inaj be prehistoric, hut we have also definite proofs of 
that tlyle of p!:}ttcry halving lasted at leiist till the twelfth d\Tias±y 
in hisdoa’ic times. Evidently the native stock was very numerous; 
it. was the l>ulk of the populationand its customs changed only by 
degrees. IjeL ns coneider what takes place at tJie present day* In 
the cities like Cairo nr Alexandria we find all the refinements of 
civiliKutiorL At a few liours^ distance, if wc enter the tent of a 
Bodouui of tho Delta, excejit for an old matchlock^ wlmt wo shall see 
is mudi moro simiJnr to a preliistom dwelling tlmii to n product of 
the twentieth ceiUnry* 

Therefore I entirely disagrt-^ with the chronological classliication 
which has been attempted of tho so-railled prehj.Htoric pottery. 1 be¬ 
lieve the true classification should be geographical. Wo have to 
notice tho peculiar taste and style of each locality. Egj^jai is a very 
conservaLive country; besides, the fact of its not being coiiocntrated 
around a city, but being a line w'hieh extends jilong the river, makes 
it much more difficult for an iulluence origitmting from the capital 
to lie felt at tho end of the eountiy. Even at tho present day tastes 
Uriel fashions differ in the various localities. The pottery, for in- 
stani-e, is not the same at Sioot as it is at Kcnch of Edfoo. It seems 
evnejent that it was the sumo m antiquity: Widcs. there might bo 
itlfierejiccs in the degree of development. One locality, under favor* 
able ciniumstimccsc may have nuide a certain progres^T, while another, 
mom remote, wiiho-ut intercourse with it.s neighbors, may have pre¬ 
served longer the rude and eourso style of old times. That does not 
mean that the rude and the more perfect vii 5M! could not bo contem- 
[>onim?oiij^ 

T should therefore proposo Lltnt this natne “ prehistoricshould be 
drop(ied, and should W replaccfl by that of native, or rather African, 
ci'vitiKfitioni for this is the result of the exeavationsv far 

hack iiy we t^n go we find in Egypt a native mt'c. with enstoms and 
culture (liMinct from that of the Infer Egyptians, a culture which wo 
must call mdigenous, since we have nO' clue whatever to Indicate that 
it came from abroad* Tids raise does not ^oem to have progre^aod 
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furtlier from tho stoTic iisi% Inil lo l'>ive .laniiiea a raimirkubli- skill 
ill workint? liortl stonfs. ivory, and cthI, tioI: to spnik of llmt 
limits, of which thev luivo left us maKniliciMil speeimeiis. ihis 
eiiltiire lasted lute in historicnl times, unci may liuve censed ut very 
dilTetent epochs in tlie various places where it existed. 

I call this culture Africiin, One of the distinct African features 
is the mode of huriitl which 1 metitioncd before, the scwuilled liu- 
brvoiiic posture. HerodntiLS, sjuiaking of the AfTicun nation caUed 
the Nasamoninns, says that “they bury iliair dead sitting, and are 
right careful, when the sit^k nmii is at ilie lioint of giving up the ghost, 
to make hiui sit niid not let him die lying down. 

■ Sow, when Herodotus Hiicaks of ii man sitting, we must not fency 
him resting on a chair. Scents do not belong to the furniture of a 
dwelling:, llfi ^its on his hei^ls andi lu that jiostnre, hi^^ client 
halls iiguijist the knot's, uiul his hands are al the height of his Qiouth* 
llundretls of old Egyptian statues represent men in that position. 
SiipiKisiiig that a man has died sitting mid has fallen on lus side; 
he has exactly the so-culled embryonic position, which finds its expla¬ 
nation in that African emtom. If afierwartls vases with fowl imd 
drink and some of his tools are put around liim in bis grave, his 
tomb will be the.abridgcd image of the hut in which he sat in his 
lifetime; it will be his “eternal bouse,” as the Mcmpldte Egyptians 
called the tomb. 

As for secondary burials, I belioTO the explanation is to bo found 
in a custom still prevailing among some South American Tndiarii^ 
and of which, 1 am told, some example.^ have hceo found in old 
burials in Switv.erland." If a man dies at a great dlstnnco from the 
txrmcterr which is to lie his grave, lie is interred provbioniilly; somc- 
liuic afterwards bis lioiies arc gathered and carried in a skin liag 
to the [dace where he W to Iw fin idly Viuricil, Thu; would e.vpliiiii the 
disoixler which is sometimes notieeabk in the lioncs of a tomb, and the 
fact that tlie bones of several skeletons have tieeii mi.vt'd Logctlier, 
These skeletons have bi'eii brought from aiiotliier place, after the 
tiesh has been destroyed, ami carelessly put into their gmve. 

These tomlis give ns interesting in formation as to the mode of lifo 
of the primitive Egyptian. AVc gniher it chietly from yellow vfise^ 
hand-made, and deeonjlecl with subjects In red puinting. Theso 
drawings, being very rude, liiivu received different interpretations. 
It lu nit tvidtnt tlmi whiit they iL^tUtilly ftliow ii^ are not boiitS| 

hut flwnliings, TU^ were pkeeti 

rjiOiindsii.tnl probably nuule of wickerwork- Th^y were snn'ound- 
ed bv inclt^nrr^ matie ot polcs^ like W'hat is called now a 

“ zeribtt.’^ sheltering tlie InlniMtiinLii ag;uli[ii=t wild betists* There aro 


* I BUD tnfl«fcite<l for tbnt intomuition ti> Uae qI my ca[iiLrryman+ ^tr. 
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g^nenilh' tvro Iiuti? "ivith ii kind of rilope between tlieti], which is the 
eiitmiice^ At t£ie kU|c of one is n stundiird beacin^ either the 

s^^tiiIhiI ur the p:o<i of the viUiige, 

In Llif!^e iiitlohiires ive isee ineii wiiopie life is that of hiitiiei^ Tlicy 
are armed with lx>ws and spears; the itiumals are those of the dessert 
—Jur^ tdrds, diicfty ostriches, ;#aKel[es, unci antelopes, of w^ljieh the 
rich Ahanphite Egypt isms liked to have birgt* Hocks, Trees appear 
licrc jirid then?, htit the inhabitants of these villages do not to 

have practiced agriculture; we do not see cattle, neither osen nor 
sliee[) nor asses, none of the domestic animak. Sometimes men are 
nhowii struggling against wild beasts, and women hnhlSng their bands 
ovpi- their heads, as if they were carrying it jar or a basket. Boats 
w'itli Sails will occtisionally upjsectr, therefore tliev knew hoiv to nad- 
gate. The great number of iAniea ill fcim^ of Hslics are certainly a 
proof that they prnctiet^tl flsldng as tvell as hunting. 

These piaipli'* who in some res|jects seem tn have reached only a 
Ycrr rudjinimiiiry^ degR‘e of civilization, kumv how to make fine vases 
tif very lisird stone, 'riieir flint tiLstniments are among the finest 
kiiEiwn, but their sculptnrp hi rude, not in aniinalsi, but in the repre- 
sentation of the human figure-. The charEieteristic feature of tins 
ra(^ is tlmt they were hunters and not agrioulturists.. 

As Ut tlieir physical type; the view’s between the numerous experts 
who have stutHefl Eg]^-ptian skulls ore deejdedly couflicting. How¬ 
ever, they are unanimous on one point. They all agree that the pre¬ 
historic Kgyptinns were not negroes^ that they had long luiir, gener- 
jilly bhick, blit sometimes fair, and that prognalldi^in hardly apiJenrcd. 

Some of die authors admit a negroid inflncnoe, and have come to 
the conclusion tlmt there were two races, a negroid and a mmnegroid. 
TJiis vie%v is strongly attacked liy others. If ’^ve look at dm painting 
of a prehistoric gnivo found at HierafKinpolis, we find the men of a 
liro’Evu or reddish color, very like that of the Egyptians of Inter 
times* 

As to the connection of the jirehistoric Eg>'ptiana with the other 
races of Xoi-th Africa, especially the Libyans and the Berhons, uii- 
questiomibk evidence has bcjcii sought in craniolog^^ or aiitliropome- 
t ry, T can not help quoting the two following statements which are 
gin-n Jts lapially decisive, and wliich are derivtsi fi-om the same kind 
of arguments, iis first hear Dot tor Alac J ver: “ AYliai Iuls anthrn- 
poinelry to say on the question whether the prehistoric Egyptians 
were or W’cre not Idbynns? The answ'er is most definite and explicit 
The prehistoric Egi^ptians were u mixed race, the component elc- 
meiitsof which it is difficult to analyze with exactness, hut thk mixt-tl 
race aa a whole waa not Berber* * * • ?? Xxid further. it k 
imjx>s^?siljle any longer to maintain tlte luew that the prehistoric 
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K^7>tiaiv? wero IjibymiiL^™ If wc tufn iu Professor i^ergu profci^r 
of aiithropfiJoyA' iti Rome^ we find thnt he finishes Uts simpler on the 
physictd duimcter of the Libyans by the following words"The 
EgrpiSEinM were n rudiil bnindi from the same stoek which gave 
origin to the Libyans speeitiny so c^llcNt^ one of the four peoples of 
the JltHliterniinifan/^ It is well known that. Pn’jfe^asr Sergi’s 
iiienl.s rest niainly on the ?^ttidy of skill la eoniidered in ti point of view 
diiferr.‘nl fmm ilnit of utht r anthropnlogistjL 

These two quite tT>ntnuljctoty atatemeiif^ are the l)csl proof Itiat 
we can trust eniniology in the main lineSj in its broad distinctiorn^, 
while it is no safe guide in the mhior differences whidi constitute ilie 
ethnological chorJiclerH^ Virt^how himself* the illuslrinus nnthnv 
pologistt b(i-s dcchiroii that from the siglit of a skull it is impossibht 
to trasa* with certainty the ethnic position which it occupies- 
Tims wo find at die origin of the Egyptian civilisation a [wnple 
with the Caucasian type* with long hair, occupying ihe valle^'^ of the 
Kile* iia fur as Assnun iitiii fan her sent In Even now various authors 
Mippose that the valley was jaHipled tmin Asi^, and that th(^ pre¬ 
historic inhabitants came from the east. We see iib^lutely no reu- 
hon to dispute llicir native chaiisictcr. Wo can not touch hetv the 
voiced question of how the different nations weit; Ikihl and how* leav¬ 
ing their cradlot they disprivMl in tlic various parts of the wfwld- 
must take them when iliey first Eip|)eor us nations. At the first t^iglit 
which we hav'e of tiie EgiT>tians. they show themselves tcj us as Afri¬ 
cans. having some connectioni ivith the neighhoring natives of the 
wisit, Libyons bhuI Uerljcr^* us they are c^nlled now. 'relieniiii and Tam- 
ahu as they are styled in the Egj'ptian inscriptionsL 
CeHaittly their rivirtzatjon. ,‘ajcb as it apiieors in the prehistoric 
toml>s. is no foriugo import. It is sfO eompletely detemiineil IjV the 
nut lire of the soil ancl liy the animalM and plants which occupied the 
hind that we urr r ompelled to alfinii that it hi of African growth. 

it nearly certain thiit in that remote epoch the white races 

of the luwth rstended farther south than they did later^ otid that 
they were driven northwards by the negroes*. If we consnit an in¬ 
scription of the fifth dynaMj of the old emphiei found in the toTub 
of uii otlicer eolltui Ilerkhuf at Assaianj vve iread tliut he went to a 
i-oiiiitry i^nllcd Anuun, which trouhl not be farther iiurth tliun IGiar- 
tfini fW the Soudan. Tlie people of Amain wished to drive the Tum- 
nhii touard 'Mho western t?<irnflr of the sky*’- llv tiiinr^elf went 
ihrough Amam. reached the Tamahn, and pacified thetu* ao that at 
tlmi tijae the iaitiahii muiit have occupied countries now called Kor- 
iloFfiii €hr Durfur^oi' pt^rhupa Horkm loiter on, in the strugglei^ which 
the Libyans waged against the Egy^ptuitiH, we find them inhabiting 

" D, HaiiajilL.^ta4:Tver and A. Wntln, TJbjna SVitmi, pp, IftfL tOT, 

^ O. MealUormiieiui linets fsSL 
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Ihc ijfi tlift woat of llni' JX;ka. lln* ni;gri> riiotw must 

iiiviitltit] tlu; U’rriloi'v vihiili tht* Ttiiiiiiliii uri^iniiHy occupied, 
iiitd vfUii]K*Ncil Lhcfii to sptlle iipiir ihe coa^t, wliure we 5iid LUem 
under tlte I’imriiohs i>f tlie t^vcrdictli dynn^ty. 

With the Tiinitihu are ofleu iiietilioiied the Tcliennu. li nnine which 
nieans ■“the yellow ones.” I con^-ider‘them !ia being one of the .:Vfri- 
oin riiitiuiis of u color lighter tlinn tliiil of the Egj'ptiuns, ii dilference 
w'lnch is St) easily noliccablE! in Caim in going to the Tunis bazaar. 

1 believe the name of the prehistoric Egj'ptiatLS Ims irt'cn pre- 
servinl. 'I'hei' are called the Ann. The sign .in, willi whicU (heir 
iioiiip is written, means a pillar, u ealutnn of .“ilone or wood, or, even 
us Uriigseh txanslates, a henp of stones. Accortling to Unigsch ill-so. 
their name or, In-the latter inseripiionH Anft, nicaiis tlie Troglo- 
ilyti*s or the Trogodytes, the inhabitants of cfli'ems, and in l^tolemaic 
titiics this name applied to the Knshite iiations occupying the land 
lictween the Nile and tJie Red rfi'a. 

Hill we find them much earlier; they often occur at Anu Tu Kheut, 
the Anil of l^aiwer Nubia and of Itlient TTunnefcr, the southern part 
of Nubia. An Ijiseriptiou in the Temple of Deir el iSuhari speaks of 
the .Viiu of Ivlieiit, Lower Nubia, of Khent lliinticfer. Ujipcr Nubia, 
and of Setet. ivhicli, in I be text-s of the l*>'rainids is clear !y the land 
itf the gotldesses f^iiti and Aiiqet, the hind and [alands of the catn- 
rads." Tile Atm an* found much fartlier north, fij the inscrijitlons 
of Siniii ivB see the King Khiifu striking the Anu, the inhabitants 
of the nioiintains who are evidently the {lopuktion he conquered whan 
he invaded the peninsula. 

-1« is the name of J lelioiiolis, one of the oldest cities in Egi’pt, and 
the reUgions capital of the country- The same name, with a kminino 
termination, is ^Vnit, which menmi Tentrya (Dcndei'eli}. lint alno 
Latopolis (Esneh) and llcrmonthis (Ermeiit). The land of Egypt 
is often ealletl the two lands uf An. so that we ran trace the name 
of An, not only nmong the i)eigliboriitg nations of Egypt, but in 

the country itself, frfim an early antiquity. Evidently this name_ 

the two lands of jVn—for Egypt, is a remainder of bje old native 
''stock lie fore the conquest. 

Anti, a word with an adjective form, means a l»w. The seiLse ttf 
the word seems to be “that of the jViiti. the weapon of the Ann.” 

e Cun recognize the jV.nQ in those archers who jire li^preseiited sev¬ 
eral tiinra on the slate palettes, whicli^ although later than the eon- 
qiiesit, are among the oldest monuments of Egj-pt, The .Viiii use iir- 
roAffl with triiingulnr Hint pointe. More often we sec them as mi- 
armed men with pointed bejirds, tnxliten down by the king, who baa 
laheii the form of the div ine imll Bat. or torn to pieces by u lion. 
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.Vii lYnvy likile fomid by Mtr. Petrie sbo^s ji lieArdetl prisoner stand 
ing^ o^or \shom is written tlio land of tte aitaracb^ wlikh^ as 

we hii ve seen it, is one of tin? eoiintries inhabUoil by (he Anit. 

Seversti Egi'ptoInpstH httve nilniitted tliat tlio Ami were foreign 
invatlcri! wlio bud bwii j:ej>iilleii by the Ki^^piiims. On the contniry, 

I concIndeT from whnt hiii; been iiiseoveied lately, that tlicy were tlio 
Dfitiv^e iitiiek occupying the valley of Llie Nile^ mid ibut thoy bad been 
conquered by 'mvader^, who very sotm nmulganiulcd so completely 
with their subjects that they formed one single pcsiple. 

The aboriginal stock, as wo saw, had carried the civilization to 
a certain point. But ii is elear that before tlic historical tinios^ at an 
epoch which we can not ILs, a foreign elenicnt entered the valley of 
the siibflued the Ann, taught them a culture which w os unknown 
beforcj aiul crested the Egyqiliaii Empire. 

this mva<(ion appears the hieroglyphical writing, tidiich seem.^ 
to have Iweii unknown to the native stock, TUh^ writing lins such 
an uljtsolutcly Egyptian churacter Qiat it must have uriginatedf or 
rathei dcvelopecL in the coimtr^' itself. We do not know' uny WTiltcii 
inonmni-iit wliicli we may trace to the African dw^cllers of the conn- 
trj". On the slotes and cylinders which iin^ hitter than the tiHupicstt 
iiiicl which lire the oldest written remains which have been pi-e,wrved, 
we liiid sign;* witli an archaic chanicteiv but which lusted througli 
the wlioie time when hieroglyphicEil writing existed. 

Let w firat conHjdor how the conquerors desigiiutecl ilicir kings* It 
was done in a j^eculiar niaimer, in ii ^ia{>e which always the sumo. 
At the top of tiie grruiji Is a liir<h lu^ually salfl lo be a hawk* hnt T.vbidi 
.M. Lorut Jias tciXigniiitiHl to Ik the pc.regritie fulcoin 'File binl stands 
on an oblong maangle* often called a bmrirr, at the lower part oi 
which h n drawing showing I he facade of a funeral chapelj the lioor-' 
way giving access to the viz, the douhk of iho deceased. AUive 
the drawing and Ij^dow' the hinl are a few tigiis which* whenever we 
undci^Lnnd tliem, gi\'e ns un epithet, a qnalifieatioii uf the kiug. 
Therefore* it is not his name^ it is his Ihrat title, the first part of tlie 
com plicated protocol, which w ill clovelop into a sentence^ and wdiidii 
forms the royal nauso of the Plniniob.s. ^ 

Tliua, every king is a hmw k* or* os we said, a falcon, the bird which 
is tlae symliol of the god Ilonis, and l>y wdiich liia name was W'rlttcii 
ihroughoiit the Eg\*ptiiin histuiy fi^iu its earlle^d. beginiiing^^ to Ihe 
liniy of tile Uomains. The king js the god Jlnnis. This mime hnuls its 
lo Arabia, w here the falcon Is cnlkd hotr* This is the country where 
we have lo ItKik fur the starting point of the race which concpiered 
Eg 3 pi. If we consnU the Egvquiaii hiscriplions, wc Mihail find that, 
on Ixith sides of the Itcd Sea, in Arabia ns well as iii Afrlcaj there 
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wns a region whicsh has had various names. One of them is 
wrongly tninslatcKl Ethiopia; another is Ptini^ verj’ frecpieut m 
Egyptian texts, where it is iijiionynious with TantfUr^ the divine land* 
It seems that the region originnlly ealletl by tlnit iiaiiio was sotiLhorii 
Arabia, wheuea tlie |iDpijluLiuJLs emigmted, wliieh settled on the Afri- 
riifi ctMit-t. We do n<jt know exactly the iippenrjtnce of the race in that 
reiiiote time, hut tlic .sriilpLures of the Temple of Queen Hatshei^su 
at Mrir'cl-LSahari sliow us what was the appeantnee of the people at 
Piint. At thnt time the i>opuktion of the country was uiixed; it con- 
tatiieii negitH^a of ditTereiit kinds, brown and bkek, but the real 
PiiiitUesT or rtiiiite,s ns I think their name must be read, are very 
like the Ejjjptians- They belong ubo to the t'luicusian typft^ with 
kmg hair and pointed Ijeards, Tlioir color k a little more purple- 
lined than than of the Egj^ptknsL 

Here a ver 3 ' important question arises. Did the Ihinltcis the in1m1> 
itants of Hontliern Arabia, belong to the Semitic stocks Looking at 
the iiifornnition which wc bnve derived lately from Arabia inid from 
Ihdiybmia, 1 have emne to the conclusion that they wri-e not Semites* 
They were HamiteSt like the Egyptiaiia themselves and some of the 
north African populations, and like some of the inhabitants of Chal- 
dicik, whose origin is ulso j^ttributed by a few scholars to Arnbia, so 
that they should have the same starting points Xo doubt I si Lai! liear 
the olijectiou that Egyptian is a Semitie lutiguage. My nnswer is 
tbiit tlie lieLter we know tlie Egypt!till language the more fully we 
grasp tlie conceptions of the Egyptian tiiind, the more it Riems evi¬ 
dent lIiiiL Egyptian is an ante-8emitic or pre-Semitic language. lu 
L'ertain points it has kc|jt thu character of infancy* StTOiiic languages 
arc in a inoiv advanced Litigukiic stage; they have outgrown by far 
the degree <d development which Egyptian has reached. To my 
mind wo have to reverse the method which is gcnendlj followoi:!, w"e 
arc not to look for the origin of EgypEian in the Stunitic languages, 
hut^ on the contrary, to see that what the Semitic languages have 
borrowed from the old Egyptian spwh and writing* 

I he ArabiaII origin of the EgypUiiu^ is nieritioncd by the Xu- 
midiau King and wrjtrr, Jiihap'* quolcti by Pliny* After having 
pven the iiamfc^ of tlie various tribes of the Troglodytes, the inhab* 
itaiits of the African coast, l)eiwt5en the Nile and the Eed Sea, the 
writer says: ”As for the neighbors of the Nile from Syene to Jleroe, 
they nra not Etbiopijin nations, hut Arabs* Even the city of the 
Snn* not fur distant from Memphis ia faiir] to have been foimded by 
the Areilps.^’ Thus for Julm Lbr Egy'ptians are Arabs, Wlieii he 
S4iys lhat they are not hdiioplaits^ we niust txaujider thia ivord as 
incaniiig iicgrws. 


FraKiii, Hlirt. Grace,. ItJ, o- ’tH* 
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T}]{? ^Vnibian origin, of tJit? Egypt inn population is iiflopttd hy 
5®'V<?rjil frchnlnrH^ In it opinions ditfer a-s to the way follow in 

(Ikui* jnvn>^iori« I s!ikl before that tlio opmion of Ijopsiiif^ who sup¬ 
posed (lioni to Ufive coiue through the isthHiiLS of Suez, is now’ ahan- 
doneih Vrofe^r Petr jo tliinks tlml. ilkty canie (fi rough the harbor 
of KfKsoir, and tliai, after having followed, the vallnv of natimuiat^ 
they reuchoil the rt^gioii whom is now tJie oity of ]{enelu and wliere 
was the o!d Kgj'plijm city of Coploa, Jiut if wo study the tnulitions 
of the Egv"pti»iu^ which are to a eertaiii degjee 4:c>iilirmed by the 
(jreek writers, we come to the cionclusiun that the conquerors must 
have crosi?ed the Ked Sea farther south than Kosseir^ jserhnps in the 
region where is now Mas^owuh. end that they stopped some tlnie in 
the valley of ilie Nilt\ in the Sudan, befoie tliey came down and set¬ 
tled below the raiturkietri. 

This has be«ii translated hy Pic^loma in (Ids way: The Greek 
writer sayt^ “That t!m Ethiopiaiiif u^rt Ihul Egypt is one of thcir 
cDloiiies; ihcrB are sdi-iking likenesses betw^!eJl the laws ami the cus* 
toms uf IkUIi bnd^; the kinga wear the mmo dn^ss and Lluf uricuK 
adorns tlieir diadem/^ In this case we iiiust gin- the name tjf Ethio¬ 
pians another sense than in tlie quotation from Juba. It dt>*'^ not 
tuean negroesT hut the African popiilotion railed tlio Arm of Nul.na- 

if wo consult Egyptian iii>M.Tiplions, -kve find tlnit, without any 
exception^ the south always comes first. The north is never ^^poken 
of as an ancient resort from Avhieh the populution should ha™ isnued* 
The south has always tlie prceininenee over the norlh. The kings 
of the sQiuli arc menUoned bofrirt- those of the north; the lisurI 
name for king propt^rly means “ King of Uie ^^mitlu'’ In his 
orlentatioiif when he fixes his eardinul |>omts, the Eg^^ptmn tnims 
lowani the south, so that the west is with him the riglit side* That 
does tioL mean that he is nlurching toward the nontln In tlie myth- 
olcigieal iuKcriptioTLH we read that Ilonis lirsl resided in the south, 
nbd coming dtiwn llie river, conquered I lie cciuntTy ns fai' as tlie sea* 
Tho Egi^plinn looks toward the direction whence lu& god origiiiiilly 
enme. This direction is nt the same time that of the Nilc^ of another 
form of the gcjil who gives him life* and allows liini in e^cist* The 
mylhokigicnl nnrrative of the conquest of E^^pt by the god llorus 
is of the time of the Plolemies. The enemies of the god take the 
forms of Huinials, and are led by Set. Homs coiiqnera the bnd for 
his father, narniaehis, who is the king. “ In the year myn the 
texti “ His Majesty ivaa in Nnhia, und his numlierlcss soldiers tvith 
him." llorus is the geiiPral who leads the soldiei^ while his father 
reniiiins in Itis boat. Ihuilea are fought in various placca along the 
liver; all of the episodes of the struggle are recorded by the names 
given to locfiliti^. In temples or to religious objects such as sacred 
bouts. The lost encounter takes place on the northern boundary of 
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Eg3"ptj on thi? PpIsiKijir tarxknt^li of I Nile* * sU ilu' fortii"»s of Zur* now 
KiknCurnh^ TIuh iinmiiivt.' inTtiiinly ii Intr rnm'iiibrjirjiT of iiii 

(tsituliljHlimifnt III llie VitUty uf lUi; Xile of :i wiirlikt? t-atuiri^ froto 
tlie HouLh- 

In the iiioounioTitsof tlifl trrst tlynasties wliidi liave Ijecn discovered 
lit Abydos tmd olsewdiere there is a m.‘oid of tlie eonquest and of tho 
feubjection of the native btock. It is ii festival CHlled the festival of 
Striking the Anu* 

The oIde,st representation of it b on the large slate foimtl by Hr. 
Qiiiljell fit Iiienifonj>olis- The kitigj preceded by I he qni»en and by 
four Htaiidard Ixnirors^ is sliown entering w hull ivhere his enemies are 
seen hving down with their heads rnt oJT mid piit Lietweini their feet. 
The jiroofe that the eneniitsi of the king are the Ann is the ivory hlade^ 
which we quoted lieforoT on which n [irisoner Ik seiHi coming from the 
country of the cataracts, which we l^now was inliabiteil by the Aiui? 
also a tablet found by Jlr. Petrie" on which we read that ^ tho bends 
or tbc cliicf^i nf the Ann are brought to the great halh”(?) And 
lastly, another tablet on which the signs art' more doubt fuh but ’ivhidi 
sjieaks f)erha|i« of iJic defeat of the NubianH.^ 

On the other side of tlie slate palette we see the fyime king holding 
Ills ctieJiiy by a tuft of hair ami striking him with his inare. This 
scene is also engraved on a small ivorj* tablet belonging to King I>en, 
and on ivory cylinders, where the king striking hisiuiemics is repeated 
iiiiuiy times. We have already mentioned the s^Tiilpture of King 
Khnfu at Simii, whei-e he is f?ecn striking in tlie sumc way the Anu of 
Sinai. It seems to have Im^ii the ty]>ical and conventional vvay of rep- 
resenting the victory of the invader over tJie native inhat>itantSt and 
it occurs several Limes in the old cm pint. Later m it changed* Iiu 
stead of one single enemy we a great number of vartouH iwces* The 
king liolds them liound together by their hair nrid felb them at a 
blow. ThiHj in my apinion^ docs not record viclorics which the king 
hinifielf has ucbieved; it Ls :i conventional iiml symlsolicnl way of in- 
flicatiug that he belongs to the prwlominaiit race, lliat he can trace 
his descent to the conquerors of tlic Ann. Tile duller of enemies liehl 
together is only a modllicatioii of the original fsccjiCt which tuay be 
invented with a ceremony at the coronal ionp 

Tho festival of the Striking uf Lhc Ann is njenlloiicd in tlin Palermo 
slonv* K document of the ohl empire, showing that the triiditjon per¬ 
sisted* Even as late aj? the eighteenth dynasty, this festival was ede- 
hnvterl by Tliotliini^ Ills 

TIu? moniiiiicnls of the drst dynasties found at Abydos and Tliera- 
cunpolis give ns an idea of the cSvilizalion of the foreign invaderft* 

^ Koynl Tiitiilui, pp, 20. 
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Aii .^DOti U.6 tlicy d^nni^tlsi unimal-i, tlie bull, llm liis, llw 

felioep^ whieh ifcn* not found on tbo pictures^ of the preliLstnric vuses^ 
Tlii» cnrofnl resfarchos made by Doctor I-oilot on the niinimiic^ of 
Egyptjjin bfcillH ha VO hnl him to Llio c^ju elusion that tho loug-homod 
liulJ, wbidi y tho uUletit biwd found ou the monuments^ is a native 
r.ioe und hat^ not boon iuiiKirted froni A,sia, Doctor Loi'let i^iiys the 
faiuio of the and of tVio dieep. Thus llie foroign invadont doiuesll- 
fiitcd the jiiiiiuals tvhidi they found in the country- The fact of thc«ir 
huvhig practioed doTnesticiilian miplie^ that tn iliat people thei^ wiis 
a proiwnsity toward ■civili^sation and p>rogrei5i, which did not esis^t Jii 
I he uativeas. rrobflhfy also they w ere agficulturist?n» ’When they ^iet- 
Llcd Ijclow the cataracts tliey totsk with them the piipyrus, which even 
uow hs found on the upper Nile, although it has dh^appeared entirely 
from Eg^'pt. This plant was used for various purposes, auU not only 
for 111nking paper. 

Looking at llieir civilisation in general, we find that llierc is hardly 
]iri elejiirut of it wliidi could unt originate in Egypt. They tuusl soon 
have ])rrc‘ei vtM:l that dry Nile iiiiid was a very good tuaterial for hiiihl- 
ing, wdiich did not ruN-piire to be hurntH The art of building wrtainly 
liegun ill Egypt with lirick and wrxnL Tlie first ste]i ivftrrwtirds was 
to rep luce the brides by stone, of which there were various kinds par¬ 
ticularly well suited for that purpo^^i* It h natural that, having =5uch 
fine materiat as the sandstone of Stbilis^ the limestone frtiin the 
quiLiric* of Turfdi and Thebt^t the diorite and black granite fi'om 
ElaiuainuU and esspeciully the Ijeauiiful red gninitc from Assufin^ the 
EgypliitiLs shoiiJil have gn^nt huilders. It is jjerhaps the only 

art in which they far e:^celled the neighlxwing nations^ much more 
tliiui in sculpture or in painting. 

As we lii^ve wnd Itefore. the writing al^ iB of decidedly Egy'ptian 
nrigin. We ttni find in it no trace of si foreign element. CivUiza- 
tion seems to huve grown entirely in the last settlement of ihe in- 
vndersr- Tliey adopteil and developed the rudimentary culture of 
their subjects, dliey improved it so m to produce the udmimble dis¬ 
play of Egyptian art and industry which occurs iiitder the hairth 
dynasty. If the followers of Horus had brougiit their isttimals 
from Arabia, one would expect to see umong them the iiorso. which 
does not appear la^fori? the ttyksos invasion. If they had been 
Jii ready civiliswfl Iwfore reaching Africa they would have left t nieces 
of thtui' passage in the various places where they jstopped. At 
pri^sciit no it^tigiwof lui early Egyptian civilization have ln^eii diri- 
coveml in soulheru Arabia^ or even oit die upper IS'ile* Ilrwvcvcrp 
lliere is one sicic of tiicir culture which decidedly comers from abroad, 
the art of working metal. Except, ^lOrhap^, for a little gold in the 
country between the Nile and the ’Rwl Fk'a, no metal is found in 
Egypt, neither coplicr nor iron. The arrxjws of the Anu certainly 
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li 2 id Hint points, andj nlllioo^li tlu' Ann wen? v^ry i^killed in the wuy 
they made flud tlieir flint jnstruinrnliit lln^y did not employ 

itielrd. If we consult the inscription of tiie conquest of Kg 3 'pt by 
IfoniJS wo see thnt liisi compitnious are often chilled libiek- 

2 <mitlis^ who know also liow‘ to out stone mid wootl^ lint whose chief 
nrt Avjip tlnii of workiiifr metal. Homs ^ives sottlonieots to his coin- 
pan ions hi various parts of I lielicve iiiidaUiir^ tmibit have 

ori^diiLited from the necivsnily of having insirtiments for the eultiiro 
of (he soil. One can imagine the lloriun invader stopping in a land 
of ivmnrkahle fertility and fis.ding induced natnnilly to improve the 
meaiiM tliey Jiad of deriving aclvantage from the iicitnirnhle soil of the 
(XJiintry >vhich they bjid ehosen for their abode. It secTits to me that 
at the liej^inniiig metallnrgr was the as^^eiate of agriculture; later 
oTi k was iiified only for the fabrication of wcapotis^ 

said licfore that the IlurintLS prcibahly brought into Egj^pt 
from their original resort on the tijipor Nile that most useful plaiiU 
the jiapyniHu Atiotlier plant which Is often mentioned in the in* 
script ioti.'i of the first dynasties is the vine. On the rhiy si'jdiiigw of 
I he big jars discovered at Abyclm mention is oftc;n made of ibc vine¬ 
yards from whicli ihe wine contained in the jars U derived- Did 
the vine come !o Egypt from Asia? Hei'c again we ran trace an 
African origin for this plants Dc Candolle^ in his Ixiok on the 
etthivated p]nnt§^ says ihat the vine groivs spontaueonsly in scinthcrn 
Europe^ in Algeria^ and Morocco. The same botanist lays stress on 
the ffCKisible dissemination of the plant throtigh natural causes., like 
the birds, the wind* and I he currentsi. In the oldest lists of offerings 
sovei'iil kinds of wiiie are quoted, IMieii the lists becf^me more de* 
tailtHl imd iroiuplete the name^of tlie lociilities from which they come 
arc givtui* They 1111 =^ most of tliem pbiix^ in tiie Didta. 

In the new* eiiipin^ the good quality of the wine fnnn the various 
oase.s ii* often praised. There it seetn^a proljable that the plant 
came from -Vfrica; the oases idways Liud iiiore cfauiectlon with 
Africa—with tJie west— than with the east. We hear of the Tihyan 
wiiies lirtmglit by the Tanuihvn They are known to Strabo as well 
as those from Mareolis. Thtis^ eveu for the viue^ we are not obliged 
to lidinit iiri inqHirtatioD from ^Vsia. 

The Egyptian* and after llictii the (rrwk wTiters, tell us that the 
fir>t h^^■tt^r^^.* 1 ll king was Afena or Mene?i IlercMlotUH addtj tliat in 
his time all Egy|Jt esci'pt the Thcbaid was a inardn Menu Is said 
tn have fmmdetl Mmiplib and its Teiupk of l^tidu and also to have 
bnilt n great dike in nnler to regidate the cour^ of the Xilo* Aixrord- 
ing to DicMkirus, Jlenes taught his people to fi^r the pods and to 
otter them sacrifices: also to make use of tables 41 rid l)ed.^ and of fine 
garments. He intnxluced luxury' mnoiig hks subjects* 
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It is mmi mjyf tftspi+ak of pre-Mtiike kin|^ 1 Iwliovi^ this; to 
a merp liypothr^b. Tli[> Iraditioo of Mcnes liavio^ in^n tlit^ fiivt 
khij 4 : ri,'>ts on E^'ptinn innnoiio-nts^ and recf^d^^d by (rreek iiulhui-s, 
\Vh(?n LI sovisruipii like liiinieses 11 en|jifivetl on ii leiuple a lint of hk 
precleeessorH 1 eati not help tklnkin^ that bo liogaii ^v^lh ihe firtitj 
iind ha would not luiva put ajoda tbo kuTys wlio were befoix? MenL^> 
(«pefrinlly when thoir grave^s^ <ir lUoir funtml oliapels were only ii 
.Hhort dirttaniT frntu tin? tetnple wUeru bo engraved Ills lisFit. 

for ilenus, except for tbe scanty information TiVhicb wa get 
chitdty from the Greek aiithorv!^ we are reduced Ui eoiijecinriv^ 
UiulouUedly ho belongikl to the race uf tJie corn|uerorE^ to tlie dvil- 
inern* but I L^boiild not ibink that he was the leader of tbe coiKjUest, 
Tile tril>e of Honis nni&t have been settled in the country some cen- 
tnrirs l>eforc liinn They must have had Lime to develop the civiliza¬ 
tion which wo lind nndcr Una first dynasties. lie proliahly was tbe 
first to iinile the whole tjountiy under hi^ rule, iind thus he was the 
fuljiiLlor of till* EpV’pttan kingdoim 

Chie- may fancy that the nalive stock, the Anu, consisted of various 
trih^, i^ach having os its iHUitnil |Kiint the villiige where, as wi* see 
nu tlie potteries, the fiy’iubo] or god of tbe triljo w as put sip on a pule 
as a standard. Tbw'^ syinhils are the only rnliginus eletiu'iiL, tbe 
only (race of worwliip whidi we tiollee on the dniwings uf the pot¬ 
teries, The tribe of Horus tlid not eradicate the local cults. Aw 
time went on the standards l>ecame tbe great divinity of each nonie 
or j>njvince. I believe this ii^ the explanatioii of the grt'at iiiini1>&r 
Ilf liK-td gods which we find in 'Rgypt 'Hiey were at first the tutehiry 
divinity of a small clan of aborigines. The conf|nerots seem to liave 
preservcHl the religious traditions of their subjects; for instoticis une 
of tbe most ancient cilies of Egj‘pl, its religious capitah whei‘e was 
tQuglLt It cosmogoinr ihictrine, which was adopted wore or IviS^ in iho 
whole land. lIelio|>oljSt is called An. It bus the name of the ^Vnti. 
I'heisc- undent natives appear iu later times in religious ecremonicrs 
such n> the ?^el l^’f^tiviil eelebrnltd by Onorkon 11, of tbe twenty- 
second dynahly at HubA.<ilis. Tbenr does not seem to have existed 
U^tween rouipierorH aruJ Kubjects an irrecondkble religioun feml such 
as tSiere wus later kUwiMUi the Hykson and llm Egyptians, it would 
have prevf nlisl thrir mixittg togelher and becoming one nation. 

The relics of the first thm* dynasties show an eitniiirdinary 
devidopnient uf all ccrfuimiiies and customs conwriiiiig religion. Be- 
sidf^ Hditls, the falcsih* which is the symbol of the? kiiigt the royal 
gixl, there are cither divine Eininiiib, liker the jaekaU tlm god Apuatm 
the god who shows the wnysi rmd also a bull, or rather, judging from 
the nature of ihe lUiimah a biilfalo. The hiemrtdiv of priestf! is 
already fixtsil; wirl employmerils nre mentionot], and festivals which 
wLU go thivuugh the w hole of Egypthtu hbitorj^ like the Sed F&tival^ 
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wliidi 1 tlunk to lie nii indictioJi. TUe of the fotindiition of 
tepiplet^ iire rery riimiUir to wliul they ts\1] lie iu Komnn tiiTiPH. 
EIierti^?lyph5i are sciilptiircti very archuic in iijijjeuntnee; they arft 
tlio first rudiments of the hieroglyphieiil ulphotiel, which is alrtJifly 
fully devrlofHHi in the fourth nnd fifth dynajrtie^ 

Very interehling religiotis objects are the slute pfllettes, having on 
one side near tlio middle a circular depression snrroimdeai by ii ring. 
These slates ore often sculptured, atiil bear aninuiU or War scenes^ 
or rrpreseii tat ions of festival* such as that of Striking the Aiiu. 
On such slates with a dcpn^inn there are seulptim^ on Imth sides, 
Theii=^fore I can not admits with Professor Petrict that IlivHe depres¬ 
sions were made for mixing green paint. If that was their purpoif^s 
there was no reason for lieing Mi large im that fuLind at ilcira- 
conpoIiH. aiuJ for lioing aclomed willi such fine stallptures, not to 
spi-ak of their l>eing quite inappropriate for mixing coim^. I believe 
this depression contained a religions emblenn a piece of wwd or 
precious stone, which hatl the form either of ii knob ar of a bud. Tx 
corresponds exactly witli the description which Quintus Curtins gives 
ns of the Hppearuneo of the gixl in the oasis of -Ttipitcr Aiiiuioiu TLo 
ftod had the form of an unjl>iliciii^"- This kiiob on the llieraconpolis 
palette hzis a guard of two patithenr or ItKipards; in otlier cniiies, of 
two dog>t, This is not the only form of the who had tlic iiaine of 
/fat. lie may la? n hull with one or two heads, and al^i a tree. In 
that i?ase the two tcoparrls are replaced by two other spotted animals, 
giriiffes, one standing on either side of the trw. We have hem an 
example of tree worsliip^ such as w^as practia^ in Crete and in the 
^geau islands. 

In roncliision, such are the principal features of the civilirjitioii 
of the early Egyptian dynastie?^. It belongs to n nation fnnned by 
an indigenous fsttxrk,. of African origin, among winch settkfl con' 
«|uer(>rs coming from Arabia, from the same starting point as the 
Clmldeans. Tills explains a certain similarity between Egypt and 
Bitljylon. The foreign element was not Seiuilicr, lliey IwIongetJ, 
like the natives* to the Ihimitic stock; thcrefoi'c tliey easily anialga- 
innted with tlie al>originesT into whom tliey infused their more pro- 
gressive and iictive spirit. The result was the Eg^-ptlans such as wo 
know tliuni ntider the first iliree ilyriosties, or, as we nill that time, 
the Thinite period. At the end of it something twk place wliich 
we can not yet explain—a saidden bound from tlie riulernUure of the 
Thiuites to the refinenicnt in art and indostry and to the literary 
growth wliieli are exUibitwl by the fourth dynasty and nfterwardii- 
lias there lieen a new invasioti, coming this time from Asia? It is 
possible; but there ngaiu we have no historical fsvideuce of any kind, 
and wo have to resort to conjecture. 
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The dawn of Egj^pHun oivilhatlon, which have to place at a 
very early period^ in in^rtaioly u di.stiiiei proof of the iiujiorLdJit |Hui 
played by Africa in the hi.Htory of human culture. Wliether the whoto 
region of the MeditetTunean was tinfl peopled by Hnmite^ m is m^v 
a^ssertod by various autlionf^ I do not feel competent to deckle. But 
it to mo imqiiegtionuble that the Hamitic (^ivilizotion has been 

the first in dotein fmd that it ha.^ largely infiiienced tho ishnids and the 
neighboring nations. ^Mieii we look at tlio startling results of the 
esccHvntions in Crete, when w'& romeinber that this island k tho 
natural bridge between Egypt and tlio Hellenic peninKula* we can 
not help ctincliiditig^ w^ith one of the exenvatoni of ihe “ house of 
Thniior MaoKenKie, that the rac-C5i who were llie bearers of 
the Jligeau civilization L-ame from the soudi. 
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rilK KIRK KISTONj 


Hy HESitT HAJOPoyR, St* +V-p 
Viimirtr the .IfyjrfNfti, n^ffmL 


Tlie firp piston llpp€^fl^s to have Ix^ti but littk known to ethnngnx- 
plit^rs i\t lliP tiiiu* when f)r. E, 11 Tj^lur published his into 

the Early Ilklury of Mmikiinl* vvhirh eontiiiii>^ tin? diisaieal mid 
fascinating Lhapter iip«ai fire ittaking. one of the pioitearing' ariide^ 
npon this intonating subject. Doctor lylur refers (p. ^2W) rery 
lirieHv to this instrument rs follows: is n wdlknowu scien¬ 

tific toy iniide to show thut litiit is gi>nenito<i by compression of a in 
It consists of SI bras^ tube dosed at one end, into which a parked pisr 
ton is sharply forced down 5 thus igniting a pit-cc of tinder within tho 
tubes It is curious to find ati apparatus on this priiidpk^ {made in 
hanl wo(kL ivory* etc*) used ns a practical mcmis of making fire in 
Birin ah, and even among the Malays,^ lfi taking tliis short sentemie 
as my text^ I make an attempt to bring togrthcr the available infor¬ 
mation regarding this peculiar fire-producing appliance* I trust that 
T may, however iiiadeijuately^ be offering as my rontribntion to this 
volume fl subject wdildi at least hati the sympathy of the honored and 
veteran anthTOpologiHl^ io whom the Ixwk is detlitoitedp'® Doctor 
Tylor's reference to the tire pLston l.■?^llltains two sLatementSt (1) that 
it is a well known scientific toy* (j*) tiiat it is a useful applianc^i in 
certain eastern regioniT* 1 may convenienUy divide niy subject in a 
similar fa-shion and deal firstly with the ^*scienlifit! toy and Its 
practical descendants as tliey exist or have existed In dviliKed Eiiropch 
and secondly with the ** useful appliance as it is found amid an en* 
vironmeut of tower ciiltiire in the East, An interesting ethnological 
problem is involved, one who^ elution is somewhat bafBing. 

* ilexirltii<Hi+ by itermlBslcu of ibo italUor and tlie delewitefl ivf the Clarea- 
iluti PresBs, Osfonlt troui Anthropolciftleiil Krtmyti |ire¥*entod to E^la'a^d Bamelt 
Tylc»r Ifi boaor of IjJb TOh hlrthdayp Oct. 2, UtOT, 

^ Loadtru* 1 ST 8 . 

^ Edwprd Burnott Tylor. 
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T!IK Vtllt: JMJiTriN- KlTlflH'E. 

Apprct'iaLioii by pliy’^icisl.^ of tlic t?ci&nlitic fuct Llmt Uent iipd cold 
mny In'* * piixluaNl by the meuliyiiiciil cuiidi^nsat'ion und mivfjitTttiJti of 
giiseii dul^ iKtck to fiefore llic comBiciux^m^jiit of A 

pHljer tjpon thb idubjeci rend by dohii I 3 altori hi ihe Ti^nr 
^virig the refill I tis of esperinacntti in iUv compresj^ion mid rnFcfflotioii 
of air^ which were noted n-H prsHliicing increa^ietl and deereflsctl teiii- 
pcrutiire^i. On Decendxw M. Mollet, professor of physics in 

the Cent ml Sebuol ui Lyons* iiniiciiiiiced to tile Insliiute of Frunt-e 
(hut he liEid noticed that tinder cotild bo j^ited iiy placing a 
jn^'i in the narmw rhimncd with whirii tlie lower end of a pump for 
ugiideimiiig tlie lur in mi ordinary roiideusation pump k furnished. 
Two or tlime ritrokes of the pLston were usually sufHeieiit to eansu a 
Kpiirk. ^ ilo nl*K> stilted that he had oliservecl a hnniriuus a[>|jeftrttnce 
CAuml by the dLscJiar^ from i\n air giin in the dark. t >ii the 
felmngth of this aiinuuncements iT. d Piiggendtjrir ^ refers to Mollet 
as the discovi'rer of ihe Tiicliypyrion (infitninieiit for producing fire 
by compresahm of airV. On the other hand* we may gather from F, 
Rost^nlwrgtTthat a worktimii in ihe snndl-artrnf factory at E lien ne¬ 
on-Forcr* (near I^iyniai) the nctinil diatsoremr of the fact that a 
great niuount of heat welh gejicrated in charging an air gtm with nn 
orrfinary compression pnnip^and llial tinder 4Niutd 1 m' ignited thereby. 
Mol let is here stated to have comnuiiiieated this discovery by the 
workman, ivho tiinst* if RownbcrgcFa aeetHint is the true one, bn 
credited ms beiDg the original Fn^neh olfc;a''rs'er iif this phenomenont 
Mollet having mrleil m the reporter of the discovery^ The fact^i an- 
nounetd were mpt nntlerstnod by tlie Fmneli seienfist.s, wlio ivere in¬ 
clined to iliscre<lit tlieiii* hut veiy' soon the expi*rimeEit with the air- 
eompre^on pump wuis mpeuLial by others^ and tinder (moadou) wa^^ 
easily igniletl hy this means. A letter was sent by M. A. Pirtelj ono 
uf the editors of the ilibliothJsqiie Britnimic|ue. to Mr. Tillpch in Eng* 
land, on Janmiry t* 1866 * announcing Mollet's commimicairion to tho 
Institute of France, and the writer statcfl that he consideretl tho 
phenonumon as never having been noticed liefoi^e. But Willimii 
Nicholson aflinned ^ that it (the Hash froin an air gun) liad been 

^ stem. ^Inacbt’^vtOF LU. anU PliiL 84 kv V. nt, n. p. ."45* 1SIJ2. 

^Jaiiranl Ue EUkr^ciquet LVITI. ISCM* p* 4Tr, i Xlcaw]«aJ'B Jenniiil Xai. tnU- 
JuHopbjP, CheaUKtrj. auO tlic Ari% IV, ntiUti^iiihkiil .'itaicfiiilmN Xl\% in 3*13, 

BiograpU^-tatelnrlw'lnai ElaniUvllrleraucb, 11. |^StC3. 

«*tlt«liklite il. PayjiUi, ISSI, Itl. pt 1 * 24 . 

* Ublliiwiiniial XIV, [k 300* 

*■ XirtinlRarj^ JotirtiAl, |, c.; itarc ATurnBlo Pit-let “*Sur r^Omnfretpetit dea 

project 11^ pf r Jeur troueisieat eoutre Talr*"* BlbUotMqoe Brttdtuilqnev KXIII. 
XS03. UK 331-33C, 
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known for i^ome iimo in KiigJitiirl. hnving Or^t intMitioni^d nearly 
II VL'iir iiiul ji litilf previously by Mr. Fletcher itt a tueeting for pliilq- 
sophical cx[x^rinierjUs and convei'satiniifs, which was then held weekly 
lit Jlr. Nidiolsotrs He udili^t ■' It is a curious phenomenon, 

EituI ilesc.!rveM inveirtigalion/’ Xo olio at t hu time explained the cause 
of tJit? plienuiiiejiuiu wliidi bad Inurn aecidentally noticed iiiul had not 
been EimreJ at by direiU ^MdentiRc experiment. Xicholson's state¬ 
ment ill intcrestitig^ not only as a^yigniiig the firsi ol^servation of this 
physical eiTect to an earlier date {somewhere about the middle of the 
year 1601), but also as ascribing to tin EjigUsiiinaii its discovery. 

In later dnys the eX[M5riiiient of igniting tinder in a compression 
pump became a cnniiuon one in physical laboratories^ and fire pistons 
were wpecisilfy maile for the |nirpo,so. These consist usually of 
c.ylimlurs of brnss, clurcd at the lower cud and %'ery uccuratidy InirtHl 
or gnngetL Into the liora tits a pii^ton rod, catrefully packril at the 
lower end, so ns Ui nccuj>y Uio bore as complelely av |ms^ible^ At 
the lower extrenjity of this piiiton riHl h a enpdike dept^^ioUf in 
which SI jdece of EUniuloii can lie placed. Jiy driving the piston rod 
liniiic very forcibly the cohnnii of air in tbo cylinder is viol ex it ly 
Compra^Hal into a fraction of its normat len0la the sudden eonden- 
million geiieriiLing an amount of hftit amply siifHdii^ni to ignite the 
tinder. The piston rod is at once wdthdniwn os quickly as possible 
iiiid the tinder is found to lie glowing* and a sulphured motcli may 
Ix^ lightcxl fi^om it- Jn |iliice of the brass cylinder and piintoti one of 
glass iniiy Ihc useij^ and llie vnpor of tmrlxm bi.Htilphide can be 
exploded by the eomprcssjion, the flash being plainly vii^ibk through 
tlie gluKH. 

Xot only was ilm principle adapted for scientific illListmtion. but 
it ivas also iipplied in doiliestic iisc. \^nio wees the firvi [Khr^n to 
uditt>t the air-eompression niethtHl for use in everyday life may 
tiercr lie known, IVe know, however, tlmt its potentiaUtios for 
uliJitFirian purfHjm^s were recogni^^ed not very long after the soieiitifio 
interest bad lieeii mused. Among the si>eqifi cat ions nf English 
patents for the year 1807 there is one, dated Feijruary 5, Xo* :K107. 
recording an invention by Richard Ijf^retit^. of ^ an instrument for 
proiiuclng insliintafEeoEis fire.^^ Xlie Jigure of this in^strumeiit ih re- 
prtaliiwd liijire (fig, I mj ph u), and specilication runs as follows: 

Ttie l]]iE«(rjniOQ simwR the eaiuitTuctloa of mj mnohtne or InBirima-mr for 
ru^Klnclii^ Eai^antUEiixvaa ftre. a fojsrei^'fEtF tliG oaii or LuaiU of n KtajT nr stlct^ 
Inuhip itiercVn a i-mltr or sf.Etec fur i-oiitalniEi^; Hie pniinaruit ruit^m feadwa by 
rile niiinc of Hniler, or for contalnlajt wniaiua tinder uf nius, er any 

other very e^JintmHtlhJe J^nhirtanep. r? Ss the miter end of the nid «f n flyrlElJ?t^ 
whiLli work?^ Hy 11 oEfttuii Ux Uiu upper part i f tlie stair, nxid by xi stmfce of about 
rwuho tiEcJufs forces tlie ccumnou aJr with irrwiii febxEty and {u an lilably erne 
OeEUKia ifliitc threiEgh « small upenure aguliiMt the cvintiasUbJu luattet InLluded 

-to 
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Ill tliC liiiiil «. wlilt'U Is well flcnmed on mpilnlft a obonldor or J"« 
n ralhir of Icuthpni. b \s tho holv for admlttinp oommon nlr wh^n the J" 

dmwn Hutto linfts- Tlie numner of worblnB confllsFts ulniply In 

tire »lr Kii(!.lot.ly on tHo tludor. uiid tin- ciil> «• 1»1 t« 
ufliwrt'W'Pil th'C' tlntlcr ts ftmiHl to fee on fVre-. 

It will Ik* iiotetl that thb iDstnimeiil tliffers in niw itHportwiit 
particular frotn the orditiat^- fire pislon nf the pliysiiml 
111 the latter thfl air b merely compressed in the bcHtimi of the c\ in- 
dor. wboreuH in Urentz’a machine the air is not only c^ompres^d h> 
the drive of the piston rod, hut it is also forecd nmkr 
throiich a minute duct beyond which the tinder lies. Tlie term fi 
arringe, so fi^uently appliod to the various matrumente Pro- 
duciii<» fire hv air compression, seems to be peculiarly suite<l to thu 
fonii, sim* the iiir is forced Uinmidi a duct at the end of the main 
cvlinder chamber, just as wnter is forced through the no«de dm-t of 
!i‘squirt nr syringe. Xo doubt the air, iilready heated by the com- 
presmon, gains additional heat from the friction caiiiafd by its violent 
>ns..age through the small duct. It is possible that this mstrimicnt 
owes its origin to ihc olwervation of the flash iiroduccfl by the iIls- 
eliaroe of an air gim, to which T have referred above, in nddition tn 
the scientific experiments as to heat getieratcd by simple compression 

of air in a small space. . . 

Fire pistons in which the duct was omitted appear to have enjoy eti 
some favor upon the Coutinetit, and to a lesser degre-e in England, 
during the earlv third of the nineteenth century. In the Mechanics 
aiiigaKiiie. Vol/SVll, 1832. p. 338, the following passage occurs; 

TJie ft>ll«wiiis Is ft HiMteb of a Inatrmnmt for obtatnltiK n llBlit. W 

thi* lnTontlnti, thontli nnt n^' I it Ifl tcit «cII knr}fwti od tti-e hjr the 

nf IfeP lEpllt-givlDB KJririnire. Aft It fens hirt. fecc^ 

i1raserlU*il Eti lliin worlE &ml niwj be hct? Ip w>me of ttur wp msori our 

K il£-«Tlfrtloo.—Eilliwlal hoioL Ifk tiot jzmomlly ktu>wn, 

I fttmll fer to «r* thlF d^wrSptlon of it In your mfl^Elnp, • * * V^oure 

r«flTK>ctfiiny, VL J. MiTCti^ U J^ne in. 1S32. 

Tho ^i<^scriptio^ njfpmngr to llie figiircs (fig. 2) T give in full; 


Alt In ft bmw* r^llTidor. KiTiillJiT fcn tn ft othU kmaft Ofiiinc^. bnylnj? 

tlio linlp TfttlHT bftlliT tliftTi tlir«^pSl£hth» nf nn Inch 3n dSnmirt^^r, tlrUTcil tniP ntftl 
clean rttuw^U ct» tp fottn nf n (o m»rk Vii itu' cyllmlcr, but unitacted. 

ET 1h tlic PftliUf TCHfly irtirfewl wltli thick U^tber and flttcfl ttp for i3fte+ ii Is ft 
elrenlnr onh TA'ftrkIni; itgiMnPt tlic to keep the rwicktiiir tSssht. it 3& n 

HDflll liiiftkr £as^^n«S hi it bole drilled tlirrMucIi the not ii. o Is the linmll*? tu thn 
plitton and Is mode of wchhI. TIjc iiicllinil of iiih* li4 dcscribfhil riK fn-lli^wfti FTr- 
purcKuiiO tfelu rtiiiirifti mu (oUlffl- itncl thinner th#* iJctlcrS by irriHlilni^ It In ft iohs- 
tlnn (if Jtud drying II in n wnmi ovenj iGftr n wiimU |iSof^ ofiT nnd plncn 

It on the Look k; lntrtKtii'’c tln‘ plKton m Into the cyllndiT An n ftlnuft dtftiiiniiio 
only; then iho cyUiidft In ihv rl^hl bund, plncc 11 iiertH-^ftfecuhir u|K>ti 

tbc ih>ar nr n tuhln. jukd strlkn ibe bjmiUc r with tbn feoll of tlin rlgbt tymiL ad 


SniEtiMeftitn Rupdrt. 


Plate 11, 



Fifis Phtcais. 

l-T. Eiiitjfwi s-ja. FarthtrfhiirA, 
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thrtl jiitty ropliHy Et^ tlu^ U>ltoiu of iir, nml hoEnf^ 

wUbitmwii, tlie v, ni (mj fiiiiiiLl uii hihJ wEU ITiitit n nMiminii brlii]i?tono 

iimti’h. or H!iilor> wIiScIi imy «i tinr of llh* prill- 

aruipigt^s IS lUicwlBc a goi-fij tiiiilor, Uut I iTofiT the ni^t utoof^-'d ^ «itt- 

ftetet.*—E- J. M- 

This iiislruineTit is of the simple air-cnmpi-ession kind, nnd, extiept 
fur tlui pbton fckI turminftting^ ui n himk iimleaJ of a !i(dlo>Y fur the 
tinder., it is identichl lU principle witli the must prevaleju form of tire 
piston. 

In iSJM fi notice occurs " of a French modification of tho 

tjt’pt" of instniiiU'.iit invented b}" lA>i‘entZ| n^ferretl to nlxivOt 
fruin tlie foUowmg account it does iiol seem to have been sue- 
ct?s5«ful; 

Ail atiompr Iins lietm maile tn in pmOhee nti InflinataaeOiiF U^ht tiy the 

cotapwKloii of air. A fftnmi? tnlie k la funilPhfc'il with a iilaion h, whleli mny be 
ilrhtti raphlly from r tij p hy mrikhig tb« kuuti e rit ihis mnl of rlH^ jjh^ua 
Tlbe eiiiJ of tho tutw. at a, ia lilerCi>J with Hmall tiulcJi to allow the air, 
folTfitl ajs iiy tho piston, ta fsis? Into tho hciUow apace o, hi ibe plw.^ iicrewed 
filr tlRht tn tbn oiitl uf the tatnA Wjicik a llghf la wantint n hit of tlniler Em 
I n tUo holluWp the tnp ob^ nud ihv laatoa dri-vnea In forcibly: oa 

nnscrt'whij: ibi? top tbo tlialer will Ih=! routnl tilted. Some mniillb"fltloii of tbla 
InstmiTient nmy bo foiiniJ uBe/ab bat In Its prr«>nt Ffato it Jm inforlur tu the 
common tlti^cr box; it rwiiilr^a cuimUlertihlc Ktrifninh, If diuntly k\nw In geltlnj; 
fl light, n^iiilres ti maldi to be lighted after the tlader Inua Uibcn ftre, und w 
1 ‘aHlly put out of order. 

The method of squeezing the eompre^^ air iUruijgh ducts into ^ 
Linder chaml>er is very similar to that patented by Lorentz- The 
loss of tijiie caused by the iiccest»ity for iiiiscrewiug the tiialer recep¬ 
tacle after the tinder uas ignited must have militated against the 
cfluriency of these Hyringe-like forms* As far as I am invai-e none nf 
them have lietui fu^ervetb imd this may be an indication that they 
never wen> nnrneiviJiLs or extejisivel 3 ' used* Spccinieiis of the simple 
hre-piston fonii nc’Ciir s]>ttrLngly in museums and piiVole txdlecikuiii. 
An example from Iknlniineter* Bucks County. Pennsylvania, wnid to 
dute aixmt I8iri-l!^2)0. is mcniioniKl by TL C Sfert^^r.^ A si>eeimen 
of hra^is fruin (lesinklaiul^ or Itelsiugland^ Swevlen^ is in tlie Xor- 
diska JtuKcijni. Stixrkholrin ilr. E. Bidw'cll p<^iS5esses thi'ee s|>cci- 
aiciLs, une of which {lig. -t-) is entirely of brass and of large sizey and 
n^uiiblcs rather the modem instrument of the ph^^sienl lalKjratfny 
than the ohl domestic form* The tube is of thin bms.s, incht'S 
long by ^ inch in diameter. The other two {figs, "i jlihI G). wiiich 
may have Ixh'Ii intemliHl for doinci^ic use, are smiiller, of brass 
throughout, with the except ion of the piston I'tnhj which are of steel* 
In one (fig* u) the hiwer eEiil of the pl^^tun rod is packed with leather. 


'*Tlie IVniiy MaKiixIniv Ijuabiu. July Sfk [v 
^ Ll^l and Fire X[Dklnb^ I^itladulpMji, p. ^ 
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while in thi^ uthet (Ji^^ H) a bra*^ piM ficcurat^ly fitting the bire of 
the tnix? is screwal on, ftnd no ptitrking i» mjnireel. All the&L> Imv^ 
^tip-like ikpriessioDs nt Jhe end of the plunger fur holding the tiiuler. 
Mi% apecirnens ure lUl said tn be English. It dcie?? nut iip- 

[ieiii- likely that the prm^tical everyday ij$«: of these fire pistons was 
ut uiiy tinie very goneraL and the tinder box easily held its own 
against thenn but it is wojlhy of note thtit a certain pmctifttl value 
wan rctx>gtjii£ed for them* and cveii in qtdte recent yeni^s they weiH! 
ituuLrodored in France, and a pocket form wa?5 sold by tobacctmlirts 
in Parts In these {fig. 7) the eylinder is of white luetal with woudcn 
knob, the plunger is of hard wcxid with ciipi^rd end, and fixed to the 
side of the cylinder bf a luhtilnr holder for the common coni tinder* 
-V specimen given me by Mr. Miller Cbrinty tvurks very .mthifactorily 
with a really ‘"quickform of iiiider. Its reintrofluction in western 
EiJi'fiiie was* no doubtt piumpted rather by its peculiar interest as a 
lycientiiio toy than by its l>eLng reaignited as being of real practical 
importance. For ordiiiuiy" purpe^seiH as an appliance useful in eveiy- 
diiy life, its death kndl was sounded when tho lucifer match becamo 
generally known- The latter, which has held its own unchallenged 
I hiring the Iasi seventy years or so* proved too stnmg and t^xi se- 
vertdy practical xt i.tjm[auitor, before which the time-hoiifirt'^ tinder 
Lhfix, the fire pisluiij and the earlier diemieul methodfl sillphnric’ 
avid Untie,’" phosphorus bottle." promelhian/^ etc.) had to give 
way. 

rtiE Finis risTON in tiik 

Interesting m thb tiru-prcKhicing jipplianee ns it r*ccnrs in west¬ 
ern EimitH" in the form of ii >^cienUfie inslrutuent, and* to a limited 
irxtent, os n luiurbine for domestic iise, from an Lalniulogical point of 
view, the inleresi of the fire piHtou centers mainly iijam its occur¬ 
rence in the in an environment of rehtlively low culture. The 
problem is to asi'crtain whetber this peculinr nnd very t^peciall^ 
iiiethiMi of fire proiliitticm was intruducetl in to I he orientid regiuns 
from EuroiH"^ or whether it was invented mfle[)entlently by the little- 
civilized peoples among wlioin it is found as an appliiiiice of prac¬ 
tical everyday use. Either theory is beset with difficulties^ wUidi ara 
likely to remain unsolved in the absence of early tx^conla, I sJiflU 
revert later to th« wnsi derat ion of ihis question, and will now deal 
with the gefjgraphical ilistribiition and varieties of the fhx* piston 
in orient ul n-giims. Ih-iefiy stated, it may be said that the rsingo 
of this instrument extends s|auadieidly over a wide amt from north- 
vn\ Burma and Siam ihroiigh the Malay Peninsula and the ACalayan 
-Vrchiiielago to its easlem limits in the blunds of Luzon and ilia- 
danau in the rhilippine^ 
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In iliiH tt'fjiou tlie firt* pmuti m jirititiptitlr n.ssui'iaivil ivilh 
tlic Kjidiiii (Kuciiyi'D. ivukliyeii, or Ivitkyen) [xjupl'e, ttnd llic foriiLs 
vjiry jis rt'^rdn ilie luntcriiilH nsrd m ihdr conslniction, TJjc cylin- 
tJf'rsi muy Ij© of immboo, wooil, ur liorii, the pistotiM or phiiiijurs 
lire cither of ivoutl or horn, or sire mode of u comhinution of both 
tiitttcriuLs, In all, the beat is produoerl by simple eoiiipression of tlie 
air ill llie tube, and 1 bnve seen no eAatu|ilej> in which tlie air is forced 
tbroiij'b a duct. 

Four examples were collected for me by my friend, Mr. II. K. Leves 
son, from the Kaebins, on the Chinese bonier of the northiTii Sban 
States (lat, 7' N., long. flS" 15' E.), nearly due caist of Ubamo. 
1 iite^ are interesting on accouni of tbeir rude and simple structure, 
hacb (ftgs. 8,0.10} consiiitsof a natural tube of stout.walled Immboo, 
closed near die lower end by a nature] node. The “ plujiHu^r '• is of 
wood with a large rougbly shaped head. One of the heads Is bes 
ngojjal, eaii facet bebig decorated with chip carving (fig, lO). The 
lower end is ctijjix'd to form a receptacle for the tinder, ami is packed 
with fine thread coated with wax ( f). Two very similar Hpeciiiicns 
from the iJhaiis of upper Burma are in die Ethnological Museum at 
Cambridge. 

A better made example, though still composed of the same mate- 

risils {Gg. Jl), waa D>IJectecJ for me by Mr. f>?ves^jn from ilii! 

7 r , ' Till* bamboo tube jumtly fiiusbef] nif, nnd 

(iir plunger is of very hard wood, with exccpibriiillv large brad 
MttiniUdy 9liiii>ed. Another specinum in my |Kj.<«i-ssimi (fig. 
Imymg a cylinder of bamboo \s somcwliat more preteiiiioiw, the 
cylinder lajing carved in a deconitive fonii; the wfioden “ iilun-rer" 
ts iiimsmiHy long and tapering. This example wns oluained bv"ilr 
hntiik Atky at dm Ruby mine«, Mogok, and kiiidlv given to me 
A small dodi Lag containing vegelable-floss tinder Wlungs to this 
Hpreimen, with which 1 have liccn able to pjodiire fire with isiiisider- 
aiUe oiife on many wcasiona. 

In the EtliJiolo^cal Mnseiim at Home ore several verv rudciv 

Bhln7 '» th« iiLMghborluxKl 

»f Bhnmo,chje% to the cost of that town. Thtsic 13 i t m m 

I i 1 ?^ of sUmt bulfa!,. horn, either 

light or dark wlored, cm from the solid tip of (he liorn. lu two 

> II.m (G,,, ) a pan- of llaiiges are raised upon the *fiirfnce near 
the op, and a cartyiug cord is Unfilled through these flanges. A 
sliinhtr i*air of rierforeied flanges apiioar on a spwimen in the Hrilish 
Mureum. In these two exmnplfe^ the "plunger” k of hard wood, 
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with expaiidfd In.^utl i'tit fptnii rlie mild (fig. 1*1)* A tliirtl sj^eriiiieii 
hus II piston, with wiflp hend cut mVid piwt' of fhirk ht^nu 

Thm^ othc^rs (figs* 1-k 15.1ft) and a fourth spmnion (fig- IT) fiY>ni 
the snfnt" district, givon mo hy Pmf* E* 11. CJiglicdi* iirt^ p^-uliar in 
having iho shuft of tlic phitigcr of horn, wliile the head is i^f wood 
fixini by men ns of a stout rivet uf horn to the shaftt which is wideiicfl 
jii this pointy and is tenoiietl Into the head. The head In soino consistis 
of fi single piece of wood, in others it is in two pieces, and is rmn- 
foreed with bindings of stritig and canev Tlio riveted head secnis to 
be specifllU'^ associated with the Kachins. The eollecior giv*sH the 
native name of the in-^trnnidnt as caifo or and he udds tho 

remark that w'hile these people are called Kachiu by the Biirinese, 
they descril;e them^lves m Chimfo or Simpfo (i, e« ^■' tiien^); tlw 
name is also given ns Chiiigpaw'.^ 

A specimen (fig- IS on pL ii) In my collection- obtaine^l hy Sir- 
lAW'e.son from a Kadiin on the Chinese border, from the smiio district 
whence! the ruder bamboo speeiiuciiH were procured, has a cylintlor of 
rough horn of n light color and a plunger* also very ixmghly made of 
black horn. Refeixmce is also mnde by Copt, * Csill ^ to ilie lire 
piston (with wooden cylinder) umotig the Ivuchins of the village of 
Puiigshi (Poiisee), on the TaSping Kiver^ 50 or flO miles Cii-sl of 
llhamc}. John Aiuiemai*' describes and figures the jnfFtrumeni from 
the Kachins of the same region; it nsiomblcs thnt riiown in fig- 18. 

Other speeirnenH of the Kachin fire piatoti of which 1 have record 
are as follows:— 

Two examples with plain liom cylinders* Berlin Musfeum. 

One (refeiTed lo ulmve) willi horn cylinder^ 8.T cm. long, having 
perforated Ranges for a carrying eord? “plunger"' of hard wfKjil 
riveted to munded wooden head; given by Air. R. Gordon to the 
liritinh Mmiciiiii in 1B73- 

C>iie given by Air. li- Gordon to the Aluyer collection^ Liverpool 
Museum. IBIA-. 

One r^f w ixid, HomimHii MufiCiim. 

One with tuiiering cylinder of hom and wooilcn plunger."’ in 
Mr- IL Bi<iwell’s collection. 

One with ta[K*riiig lioim cylinder, 7.5 etn. long, piston of hum ten¬ 
oned into a eubienl wocxlen head and secm^ed with a rivet; given by 
Sir IV. X- Gcjiry to the Britiah ^luseum, IDOL 

■»» H. J. WobrlS, latt-nittL arctUv f. Etiitii)||rni|aiLu, minfiL to VoL XVI, \k 
iri. atRo L- Fell, QcatU'O Aiml fra I Blramual e le iribtl UaiUfofti* niiil 
IL C. J. (Jeorsav Meaialn oa tUe TrUien LiiUitbltinj^ lUri KacUlo Guiiaua 

«| imx Barata Ki‘tw:»rr, I, a|7puU4tU!t4<^ 

IfIvtT of sand. ISSO, VoL II. ji. SOTju 

^ aiaailnliijr to ^EumLen^ ISftti, ]>, 13^1, uxiil plutCT fJgjL 3 aiui 4. 
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Ono wilh eyJmtlor uf Uinii, S.il I'ni. loii;:, lji])<?ring DpiTnrtl, cm in 
nim- Imi^tiKlinal fiiceK niiil ring uf t'arvitig ronml the bnsfj 

l>luugcr of Imrd wood wilii tlie head cappc>d with silk wrapping; 
native nnmct mi'putf given by Cupt B. C. TempJe to tko PItt-Bivcis 
^[usouul, Oxford, (tig. lU). 

Ono small tliough oinborate specimen of black iiom throughout, 
apparently luthc'LuimHi, the cj'iinJer grim men tally shaped, and rein- 
furced at the end with met-ul bands, as is also the rounded head of the 
''I>1 linger;from tlic cylinder hang tliree strings, one carrying ti 
STnall velvet bag of vegetfible-flQ&j tinder, another n small ntiLshcll 
euntaining grease for iubricaling the packing of the piston, the third 
a small ivory spatula for spreading the grease (fig. tJO on pL iii); 
given by ilaj. H, C. Temple to the Pitt-Bivers Museum, ISM. 

From i^laiulalay, and probably of Kochin origin, I have in my 
possession a specimen very similar to the last, of black horn thiougli- 
out, Jaihe-turncd, the iiea<l of the piston riveted to the end of the 
shaft ; with i«ig of vegetable-floss tinder, and small, spherical wooden 
grease Ijox {tig. 21); given to me by the collector, Mr. 11. 0- Mor- 
dailhU in I8t>0, 

A sket<di (fig, 22) of an elaborately carved fire piston seen in 
MogDk, I8fl3, was nmde for me by Mr. Donald Gunn, The decorative 
lieatmcnt of this specimen is unusually elaborate. Tlte native name 

is ^ven SIS 

Two cxainpW locally called mUput^ collected in the soutljem 
.Shan slates, were given me by Mr. H. E. Leveson in 1800 and I8t)l. 
t)f ilicse, one {fig. 23) is <[ulte plain, witli long cylinder of hard 
wood, and piston of buffalo horn with large rounded knob. It was 
ubtuiiiLH] from a punyi, or priest in a monsiitery (l^yaung). The 
other (fig. 2-t) is entirely of buffalo liom, the cylinder gracefully 
fluted in eight facets; the plunger is elegantly tapered, and has a 
rounded bead inlaid with smaU nwtal studs. The depth of the bore 
m the cylinder is only 4.5 cm., the cylinder itself being S.3 cm. long. 
Tim gives a very limited play to the piston, rendering the operation 
of fire prmhicing u somewhat difficult one. Belonging to this speci- 
men are a tinder pouch of jmlm spathe and a ttimed-wood box for 
grease (fig. 24 a), 

I'artlier still toward the south a .specimen was seen by Prof A. 
Uaslian, in a monastery in Shwegyin. which lies near the mouth of 
thePonng-loungRiv^inPegu. The tul« was of ivory.** A similar 
spocunen was made for him by a native. 

It would appear that the ‘uesterly limit of distribution of firo 
pwtons m Burmo is iKomdcf] by the Irrawaddy River, while they 
extend in a north and so uth direction from the neighborhood of 

•Hustluii, Die Voetker Ulu Ucttlkaeu Aslcii, l«m;. ll, p, 41a 
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lUisinnj to Kuniroon. To the norlhpassi they exlpnd some disttitire 
^crofis (lie CUinese frontier, tiniong ib^ eftstcm Kjichiiis iind 
of tiiix 4 K] IvarhiD bltKJil, On tlic i^intern side of Biirioiv they are 
foimd in both the ho ft hern and southern 8hiiEi statOiL 
Frrnrh A piston (fig. 25 nn pi- iv) Jii the Edinburgh 

jSEu^um was obtained from tlie Khm (or Kuuiitkhi, an aburigiual 
kill tribe of low stututef bdiiihilihg the t^oiiutry unttli of Ijiiutig 
Prabangi which 1ii53 on the Mekong River in bit. 20* N. It i.s ensirely 
of honi; the cylimler is carved in an oriintneritjil molding :\l either 
end. The piston has a knobbed hi^ud coated^ apparently* with some 
kind of composition. A hag of doth serves au a tinder pouch (.fig- 
25tf). 

Farther to tlie fsoutheast the bnplemont is again met with among 
the Mois, El people of vety low culture inhabit iiig the table lands and 
mountains betwc'^*n the Mekong River and the coast of ArinLiiii,i from 
the frontier of Yuiman to t>H:hiii China. They iliffer ntciivlly frtiin 
the Annamese mid Thai, and are mi id by DeuLker*^ to lielong prolv 
ably to the Indonesian hlock^ Gautier def«!rilws ** the instru¬ 
ment as having a cylinder of Iiard wowL with a iKire of 7 to S cm. in 
depth, and 7 to 8 mm* hi diameter* The pistoiiT also of wood* lins a 
large, rounded knob* and Is cupped at the lower eod for the tinder in 
the usual way* The tinder is kept in a hard fruit shell 

hollowed out. Tlie native moistens the end of the piston in his mmiili* 
so as to iubdeato it, and also to make the small piece of timbr adhere 
to the cnppCil hollow. Apparently the mstrument is in constant use 
amongfit the MoTa* 

/\iEi?j#r^r^>.^ohn Cameron frcHpienlly saw the fire piKlmi in 
iiE^e among the Malaj'^s of the Strail^s, prior to ISfifi* Ife writes - 

There in eae |‘eraUflrSt3r wUIlU I wm meatS^rti, as It iiil^lit. J ttitnk, ho I'rttitiblc 
of liuproveiL nopheatlon at bomc; It la lUe uictHiuil iKlojatcfil lay witM? of uljlaln- 
lui; Are. it Is true Hint Lbis is uot \Uo naiiol muiaMtl, nrir do J mtiioailner to 
hnvo It nULiOi'fl to by any otlwr wrUeM i luivc wltneia^ it^ nevertlielosa, 
te|H,uiuil.Ly of by tlie Mtduyt^ nf Itie straits; nnO In somi? of tbe Iflandrt 

to thii wicrtTjrnfii of Java, whem 1 futw it, 11 Is Id eonptant »Ne* A nninll 
talece of leirti or Imrd wood ub^rbt S or 4 Lneliw lou;^ aud tbree^uartere of an 
hKh lo dIniiieUT IH nirk-ftiliy Uoml ibriPti(^ thu center for Uiree-foartlifl of Sts 
len^^b, wUti a lade JitMUtt a fimirter «f an tacL lj:i itbiiet'ttTH To Ut tUift* a sort 
of rnmroEl OP tif^toa aif luinl 1ft ronite, all alott^ hisl inohU^tl witb 

Ibrwid or colton at Uie tuTUt. fto ns to Imi us iiejirly alr-tlclil Jisf i>o*iHihle. wben 
pSiiml lalo Ibe bfite of the lUlJoridiinlcr* • • • Wlien bfted, tlie cylinder Is 
lioJd irtntkly la rbc flftt of the left Uonil; a tfroidl r4ec.v of tinder, treaemEly driiHl 
fnnKiift^ tft pIflCiH in n t^avlty mi liii* iiailnt of tlie ulaktoa, which l» lliea JilftI m- 
terfHl Into tlie iboolh of tlic boro: wJtli n fl4idsh?ti -‘Stroke of tlie rlifbt baud tb*^ 

^ of xMtii]* ti. 

^“Etndo mir left MoTs,” HuIL de la HoclCdf^ <lc i^eoiniitHhle CDnnnerc^ale dn 
UlIITOh ric !+«■* nuil IT7 k 

^Onr Trerl(3il PomeBloafl ta Ualajaa ladla, e- 
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lilNton in forml np tlii‘ lior?, from H'hk*li U Mfnuiiiln tmi'k wllLi lliu 

L<liiiFtl4.'it>' ot tbu (?<»iu|jrwH<d ulr, anil ou bvliir |ilucliL>d uul, wIlIl'Ii It luiwt tH) In¬ 
stantly, Ibi'’ tluJi’r Is roiiiLEl to bu iigbtcil. * * ■ i D>tia only altrlbnto Ihu 

ligbl jifTHhiE.'EMt tEt tLp svililon eeieeI tEUEA'i’rtuJ ehpeej I itvsaEtiii of tlif air lu tbE* IjEjn* itt 
tin* fyJlndi'r, 

This dfscriptioii of tlie methtxl of using the fire piston appliofi 
to uil orient 111 exompks. 1’li« rwroi d is interest in «a 
an enrly refereiiCT to the iis« of the iiiE-lnimtiut in the pcniiisiilo. 
II nd also in the eastern Malay an ArohijHiIngey, 

Turning now to more recent recoi'ds of the ocenrrelict! of fire pistotui 
ill the petitnsulii, I may give the following first-hand in format ion, 
whieli [ owe largely to Mr* W. W, Skeat ami to Mr, Xelson Annan- 
dale, who have iloiie so much for (he etliiiolog^' of Uiis region 1 

Mr, Anna ltd nie, in 1901, saw tlie instrument in regular tise at nnd 
ill the neighliorhood of Bun ,Siti Kan, a village in the sTate of Natvn* 
chih (called Toyait hy the ^laiays), the most northerly of the Siamese 
Malay states, west of the Patani Kiver. The Siamese name of the 
fire I list on is tek pAai toA, the Malayan name is r/obi »pi. It is there 
chiefly used for lighting cigarettes in the jungle, us the spark ia nut 
easily extinguished by liigh winds. One specitneii from lliis vithige, 
given me by Mr, Annnniinle (dg. SO), is of very itiiiall aijse, tUr cylin¬ 
der being only fi.7 cni. in length and the htire 1,,'i cm. It is entirely of 
black liom: tlio cylinder is ornamentally, though roughly, turned, 
tESI rral-shaped in the center, and tapeixnl to a blunt point at the hiwcr 
extremity. The piston has a plain, rounded knob at the top, and the 
usual hollow for timler at the other em]. appcimen ulitaiiicd there 
hr Mr, Pohinson for o cents ia vciy similar in Bliajw iitul size, though 
somewhat better made, A third speciiueu from the iJame ]<K.-alitv 
ffig. ST), collreteil by Mr, Auuandalo for the Pitt-llivers Miiseinn. 
has a very elegantly lalhe-turned and slightly engrnvctl rylinder of 
iiom; the piston is of light wmai with a tuntcil knob of hoim through 
which it is fixerl w'itli an mihesive. 

From farther south, in the state of Patani, Mr. Skeat jiroeured 
three exiinipliM very simiJur in shape to those of .Xawmdiik: these are 
in the Cambridge Ahiscnm. One of them is very small (fig. i>8>, 
with horn cylinder and wwHlcn piston; the depth of the bore is only 
:i cm. A second has a lathe-tumeii horn Lylimler and n piston oV 
hard wood with ivory head, ilepth of bore 3.7 (eiu. The tliinl (fig. 
99) is hirger somewhat, with hithe-tunied evVinder nf hone and 
wooden piston; depth of bore 5.f, cm. All three were obtaimnl in 
Jalor (Jala), one of the seven districts of Paipni, soino 30 miles up 
the Patnfii River. The Malay name given by Mr. Skent h gobek tipi 
(lit. fire piston ’). 1 he word gohek is that usinillv applied to the 

piston (pestle and tnortar) need hy old ami toolhless men for cmail¬ 
ing up the betel leaf; api in Malayan meona “fire.” The Linder, 
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is ii^uiiJly rlit^ ^hlify Hiibsiaiiix^ obtuini^il fmiii tUt* ii^nf \m^ of 
tlip [iiiliii i('4fr:^fffa Uiougli it is ob^ 

tiiintnl fruiji olltei- kiiitlH iif palm, or from rattan, ilr. Skcat tells 
me tbul the tire jibion m-unn^ throiJg:lumt the interior of the old Jlalay 
stHte of Piitanh or in other %vords, the subdistriets of Jala, Ligelu 
Ihserat, imd Rhaman, and he ako mentions that there is u probable 
exleiLsifjii northward and eastwaj^d into more distinetly k^iatnese ter- 
ritnrr. llh specimens are pnicticaUy identical with thoee obtained 
by -^IcssrsL Annandale and Robinson in XawnchiL 

.ViinaiidaJe procnreil for the Pitt-Rivets Miisetim an example 
from the Samsaiti {I Siauiesin^ Malay) ^dllage of Ban Phra 
iltiuni^ in Trang, on tlie wes^L c. 30 ' E. This 

is tlie ijufet northerly liiatrict in tJie peninsula from which I Imre 
definite ttH^or<| of a firt* piston. This specimen has a cylin¬ 

der nf light-LMjlored horn, tKiintec] and ringed below^ as usual in 
the peninsula, the ypiiet half i-ougldy btmnd round with string coated 
with black was. The piston is of black horn with rounded, earve^l 
kfiotj, ivJiich is holhnved out as a receptacle for holding the supply 
of tinder, 'nu* depth nf Ijorc is cm, 

llierc tirf! spccimeos in the Taipitig ^Tiiseum from the proTinee 
of f’eink, ou tlio ^vester^l side of the ^xfuin^riiln, but their exect lociility 
is not S[j«'iiie(l, and J have no descriptiotLs of them cm yet, 

.Vu iiitemlin^f tilieirunt type (fig. ai). now in the British JIuseum, 
waa a-iit to Mr, t-’. W. RudJer in 1803 by ilr. Ileorv Louis. It wim 
ol>tuin{>d by the ktter in 1800 when lu camp on a little stream known 
im -Vyer Katiah, a triliiitary to tUe Teluhim River. I^itsumably tJiis 
is the Telninn River in tlie Siamese utiites of SaiLiiri or Tclubiii, the 
nest river flown the moxt after the Putiiui River, In this the evl- 
inder is of wooil. t\A em. long, neatly lioiind round witli Immis of 
plailefi eiinp, .Hie lower end is rounfled otTj Insteiid of terminating 
in tile [loint so uharuetferistic of the ijeninaula. The piston, of bard 
wood, is very short, and has a iargt', rniighly*carvetl head. The pack- 
ing is of paie vegetable flU-r. A large aliell ser^-ca a.s a finder 
l»x: H apiK'urs to l>e an ncfaci,, Ivan (fig. 3i o). Jf,-. Louis related 
tbui Ji putty of Jfala.vs Cflme doxvn from some neighljoring /cam- 
( 1 . e., villages), and squatting down in camp, liogati to smoke, 
ivlicn one of the party, « young man, in the most matter-of-fact way, 
took rail lim hn* piston and lit his cignrette. Tiie particular were 
kindly sent to me by Mr. Rudler. 

Tt will \v the distribution of the fin? piston is a very 

7 l‘ r/M", IV-niusiila. where it is found in the hanrk 

of kith Malay and hiaoiese people, as well as among the mixed 
. iamche-.Mulays. Hie question nri.ses whether the instrument is 
ongamilly Malayan or t>.a.ia^. 1 h^ve consulted Mr. Auuandalc 
and Mr. fckeni upon tins pomt, and both are inclined to regard it as 


mifiiiifn 
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nt Similes origiu* * ^Iha fiii'iiHvr %vrito W im^ ais follows: *-Mlth 
n?giiril tc^ Lliu ffMfi it hj .so fjir Jis S iiiii uwiin^n, a pin-^lj Siwuit!^ 
iiiipUiiio^hl. J loivi! imver or lipani of it in a purely ^[silay 
uoiiiiuutiity. * * * Theit? nre tjpt.TiiutyDii from Penik in the Ttiip- 

iiijr MiuseutUt hiii tlieir exuot locsUity is iiM i^mlodt iiiiJ eveu within 
]i few mileii of Tfliping tliert* is u largo SamsHiii viUiigr, %vLijle tlio 
lnHipIo of Ifiijser Poruk are iiiclistmguishiibk frniu tUtfc* of Rhaiiian 
null Kedali, Imn^ phy^iieally as laneb Siame^^^ tus Mr, xSkeat 

infoniL^ me that, iiLthougU the specimens whirli hu ubtaintnl in Jailor 
wei-B iLseci by Mal[iys, lie is im^Unetl lo tUmk tlnil lliey lire IxiiTOweil 
from the Siamese (or Sikimesing-^lalays)> wlio appear to iisi? lliein 
much more tlian the Malays tlo. "There are a gmai iiwiiy t^iamese 
uml Samsanis (i. e** Siaiiiesing-iSalays) in the Jistrift. atid it is to 
their iiilliieii-ce lliat I mu iiidined to attribute tlies^? lire utensiJsJ' 
Again he wrjie_s: " I have a strong belief that tiiLf iMirticular object k 
Siaiiu^* bi^anEe it iipjx^arcd to ilio out as we worked south into the 
niort^ exclusively Mnluy distriets^ and I never eatne ucrifevs iiny sped- 
men of it in iCehintou or Tiejigganu (w’hieh iiis* subsmutially iMalay 
<Jistriets)T any more tUaii 1 did on the vvi^t I'tiast. where Siiuuese 
infliieiieo was iH]ijjilly Lit a rtiscomih My rvc'ollection is quite clear 
on the ]i(jint that ul Riser at in Jitlor the fire jiiston was used by tho 
Siamese more romnioidy than by the Mahiji^* who ap[ieared to have 
l.KirJwve^i the idea from tliem*^ 

I have not m yet seen or heard of any specimens of the fire pii^on 
from Siam preqx-r. but it would be most interesting to know if they 
have bi'en n^^d them and also to learn the details of their form, so 
thsit we may asev'ilaiii wheUier the ty|ses of the Runtiese region, can 
Ik? linked hr intermediate varietk^ whb those fif the Mahiy Pemusola. 

I must now' tnrti to the dii^ribiition of ihb interesting fire-makitig 
afqilinm.'e Ixyond ihe southern limits of the [MminsiUa, 

—Van Ilas.'^dl “ mention» the use fif the fire piston by the 
Menniigkabo Malays in the biiitorland of Pndang, on the west side 
of the ishind. TUe specimen vvhirh he de^icribes (fig* 32) is of ^ kar- 
hoiiw (bnifabi) liorn, and its native name is itpi balatUaq* 

In form it remiiuis one of some Kuchin types. Its dae is large, and 
the plain fuirfares of IkhIi cylinder and piston Inalil im‘ rtdkved with 
ring marks. The iiiuh*r. (ef* rtthol* m Jalur). Li obtaiiietl 

from the tiHau palm. This ^[ioriinen was obtained at Soepnjaug. 

There is a s[»cinien in the Berlin Afiisciim from Pisdang on the 
west enasl, but of this 1 have not full parliculai’s. 

ilr* U* T. Pritcliett figures^ an ornate example front Sumatra (Jig* 
33) : lie does nut, however, specify the matoriul or tlie mm. 

*Vi‘tb. Sutualm, Ill> [t. ITT, nnO pi. lxxsiii, fbOL It! und 1^. 

* Sntoklniiu. p, !)T. 
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Thvrv If) li vciy fine rspecinim iti the iliLSfuni (fig* :M) 

which tVEi 5 - letted hy O^vl i^K k iit Fort vim de i'fl|M?11e, Piulaiig 
province, Smnatni. Tlti^ example is eloborntelj «irveil out of horn. 
The cvljoder h S.^ cm. long iind iiipci's sflighllv from above- it is 
ilecorated witli band^ of cur\'iiig. Tlie pistoi! luift a c^urved head ivbich 
i !4 ^iirii ion Hied by Ji wel|-jdia|}ed» rounded receptacle for tinder. Tliis 
la very iiciitly fitted with a rap or lid which fits into the ojwning like 
a f^topjM'ri iiiid 18 fiiniLslmd on one tide with a tmull projecting tpur; 
in closiiig the Ud this t^pur poissei: through a slot in Uie rim of I he 
tinder receptahlc. and n half turn seciirefi the lid in iKi^iHon (Bg. 
M a). 'Fhe namo of this inslrument b given as tmiar daiar. but it 
8ecms }>o^^ib1o that there has been soine confiiaioii wutb Tanah Dalar^ 
I ho name of u pluce. At Ica^t this nainc ri*qnircii verification. 

— Sarnttal ^—In thb island tin? fire piston is found princi- 
pnllj’' in (hv hands of ^[[ikyt and Sea Da_vaks of Sarawak. Tn 
TSCTj. F, Boyle dcserilaai^ it as used hy some of the Da yak trilM?s, and 
expresteti imtch aslonislmient at the singular method of procuring 
fire. His description is evhlently erroneoiif^ hut he adds, I miLit 
ol)f?ervc that we never saw- this singular method in iim, though tlie 
iiflicer^ of ttie sctuntHl acquainted with iL" He refers to lead 

being used as a material in making the instruments* and adds that 
the naiiveiN say tliat no inclal but lead will produce the effect.^* 
Charles BrsHikc, in writes as followsi There: is a ineihud 

* * * iiticil by the Sari bus and 8a ka rang Dyaks for obiaining 
which is pti’iiliariy artistic, and fi'oni what dircclion siidi a 
practicH* cimlil have been inlitTitetl is beyond my ken. The itLSlruinent 
h II small metal tnln', aliout S iiirheH long, clciacd at one end* with li 
frcpamte piston* the l>otlum cd which fits closely. Into die tulN*. and 
when sOTiie dried stiilt auFTwering the piirpoFS of tinder is intrniincedj 
and the pi^on slapped suddenly ilown^ the head of it being held in the 
jmlm of the hand in order to w^ith<lraw it as quickly as possible w-ith 
n jerk. Vtw is by this- means eommuulcatcd to the tinder in the tube. 
The Tlyaks tlie instrument "bfc?i a|ii.’” 

B', ib Crocker asserts llmt the fire pLton is ^ found among the 
Saribus l>yaks only. Hem we have a small hm^ tiilic lined w-ith 
lead; no other metal, the natives my^ would produce the same result. 
A muall wikmIoh plunger is made to fit the tube, the end of wbich h 
hollowed out lu the shape of n small cupj in which is placed the 
tinder.'’ 

H. Fhmi^ iiktj dcseribcf. nnd figures^ an example with katb 
lined lirass cylinder and wooden piston, from the Sariban Tliaiis (Sea 

“AilTMiUirw nmnnK tlii' Dyaka of Bomoe. p. UT, 

Ytn.rH In Kqmwnk, IKCtk 

*'Joiinu Amlin>|L lam;, XV, li, •mi. 

«Uouje Life of lli 0 HomM nwid-Hanti fii, 15M>7. u im 




FIHE PISTON—lULFOUJt. 


579 

T>viiks)^ imd in tlvc Briiisli Mu^um tlieno twiih ^^|>eeimi?nsj fnnu 
Tti& Sn HI mist districts also Spji Iljak. One presented by Jlr* 
G. I). IlBivilond in 1304, tlie other by Mr. Chwrle’i llcuse. Both in- 
Bfilrytiieiits have cylhitlers of leaiMhied brass, 9 cm. and t>,S cm. long, 
iiiitl pLsNinfi of hart] wood. Mr. Ilosei's si>eciniers luis aUnelied to h a 
bittiilKKi IxfX for tinder, the other has a tinder hohler of f finurium nut¬ 
shell and also a sniull cleLiniiig rotl of rane and n metal spatula (? for 
gmuise), Bexi api and fipi are given pis the native iiatne^ 

These two examples closely rt^'inblo n -Hpffl;inien (lig. [iresenled 
by Mr. D. L S. Bailey to the Pitt-Itivers IMiiHenm in 11104. It cntiio 
frinn the y.ea Ihtynks of Siinanggang, near SEiHbos. In ijtrueture it 
iR ideiiti<rfit with the others* and it has a tindc'i* Ikjx of edfinrhim nut 
and a brass pricker attached to it. I>r. A. C. T 1 addon hrougUt back 
a very Riinilar Paribas Dayak SjioeimDin fim/tn api Another ex¬ 
ample of the name form in the Knolijng Museuin, said to li^e from 
tlie hupdtu^ hut doubtless of Sea Dayak origin, h figtired by l>oth 
t^ily Brtts:^ 3 ^“ ami K, T* Pritcheit/' 

Another type of firo piston in Sannvak diJfei^ from ihe nijove 0013 " 
in the fact of the cylinder being made of le 4 ul alone, instead of tho 
Iwid ladng merely a lining to a bi'as.s uiIk»* iliv Ih L 8 . Bailey pn?- 
sented a specimen of this kind to the Pitt-Hi vers Mnseum in IflOt 
{fig. The cydinder lias bca^n ca^■t eviilently in a two-picc^o mold 

of Iwtmlioo, and coiiifXfeed of a mixture of lead and tin. It is 
deoorafeil witii simple reilof designs. Tiie piston nf wocah At¬ 
tached to the cy'linder are a tinder Ikix nf rntmid liean full of palm- 
scurf tintler. and also n brass-wire pricker. It is i\ Sea Dayak stjeci- 
men from Simariggting. 

A nearly identical specimen was given to the l^ittdUv^ers Mnsenm 
in ISS 9 by Mr. S. B. .T. Skertehle_v, It was made by a Knlaka (? Kab 
nkah) native from the western part of Sarawak* not very far from 
the Saribas and Simanggang districts, Mr, 8 kertchley gives a de¬ 
tailed account of the Instrumenl. to which I wdll refer readers for full 
details, anil also an excellent ligiiiv,*^ The instrimjeiii itself* uph 
r^^mibles the last in all eB^sential details; a handioo tinder l>ox with 
jHilni-simrf tinder, a cleaning nnl of cafie* ami one luilf tif a biimboo 
railing mold accompan}- the specimen Mr, Skertehley says that the 
metal of the C 3 'lindGr is composed of two parts lead to one of tin. 

It Ls cast in a bamboo mould. * * ^ The mould is u thin piece 

of bamboo, split lengthwise, on the interior of which the ornament iil 
bands, etc-* m-c incised, A piece of flat w'oqt.l. plank by preference, 
has a hole made in it the Hsmj of the bore. TJirougli this hole a rotan 
is pushed* which also pa^sc? through a Itinip of day tempered with 

“Tliu I.aBt VojfQKe, ik US. 

^StisuEflcitm. 1900. a, ftl, 

♦'Juuru* Authrop, XIX. naU jiL xu fig- I- 
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sajiij rttick on the upjxT sgrfiict* of (he plunk, llio rotan projects 
beyond tlie clny to n difiifliTice somewlnit gngiter than tlw lengtli of 
the cylinder. The: tiiankU tioiiinJ to^*thrr with split roten, is placed 
ceiitnilly and vertically over the projecting' rotan, thus forming a 
box closed below with dny, o|3eu at the top, and haWng a rotan in 
the mitre. Into ihi.s the molten inetal is jionred. When cwil the 
rotan la withdrawn, the mold open, and the cylinder is complete. A 
g<HM] mould will tiiake three or four cn.slLngs, hut, os n mle, the tirst 
destroys it. The mcustiremcnts of the cylinder are; ramgih, 
inehes; width, | inch; Ihut? | inch. This is the aventge wisto; larger 
ones do not work well; smaller ones are of no use,” 

Rritifh .VortA Rfipneo, —The only actual specimen wliiob 1 hove 
from British N'orlh Borneo (fig. 3T on pi. v) was sent in 181)0 by 
Mr. Ij, P. Iktnifort, who collected it on the west icoast, to Sir Tl. 
Biddiilpli Martin, who tins very kindly given it to me. It ip quite a 
reuiurkabic and spec in Used form, unlike any other which I have st^en 
from any part of the enst. As in the last-mentioned examples fniiri 
Sarawak, the cylinder iw of lead, nr po.ssihly lead and tin. east in a 
hivalve hanibnei mold, and decorated ot the lower end witii faintly 
nitsed, foliated dwigns, and at the iipjH’rcnd w’tlh pnnebeil or incised 
zigzags. The giiuit pceulinrity of this example lies in ihc form of the 
lower end of the cylinder. The base, instead of lieing lint or rounded, 
is of nnt^uiimetrical form and concave, and just above this is a broad, 
ixiiindod iioteh on one side- From this notch » porfonited duct coni' 
muiik-ates with the buttum of the lain* of the cylinder, very mueh 
after the fa.shioa of tlie touchhnle and fire duct of an early muzule- 
loading cannon, Tlie presence of this dnet is a most peculiar fealure, 
uiid its raimn iFitre is not readily accounted for. It wrtainly recalls 
to one’s mind those early European and English fomip. in which lh« 
air is violently driven thmiigh hohs,to which I have already referred, 
and it lifts nceurreil to Imth Mr. Miller Christy and myself that, pos¬ 
sibly, ihe tinder was liehl in the niitsiik* notch against ihe smnll 
urilicts through whicli the air was violently driven in a comprcH-scd 
Mate l»y the piston, the friction due to passing through the small duct 
Iwing largely rrspoiLsible for the prodtiirfion of heat. At the sumo 
time 1 nm dLsindined to think that this was the case, Tho duct is, 
to my mind, far too largo for the jmrp<iKi.% and it does not appear to 
have been enlarged at alt since it was firat made; through such a duct 
the air would escape so easily and quickly when forces! through hv 
the pkton that there would be very little compressiuti or friction! and, 
consequently, very little rise of teinpeniturc. The tinder, luoreoVL'r, 
woulil almost cerialiily be blown away. It seema to me more likely 
that the tinder wa.s pbceil. a.s an the end of the pisfon (which 

is. mdeed. hollowed out, rup-wise. in the usual maimer, evidently 
with this inienliuuj, and that when the piston was driven forcibly 
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dtmtiwfird. the small orifice of the duct was tightly clo^ by a 
linger which would lie eomfoiiably in the rounded notch. Thb would 
allow the air to be oompres^^dt the cylintlcr would thus be, tern- 
j)r>r[irily, n cltiscd one. At the end <if piston stroke, when the 
tinder was ignited^ the finger would Ite niisef.l, thus o[Mooing the dnet^ 
liiul. in addition to the piston being more rendily and r|iiiekly with- 
drnwn* through no Yaciium being formoih the jiir from the OTitsidc, 
which would rush in through the open duet owing to the function of 
(lie piston^ would actually blow up the tinder into a higher state of 
incandescence, rendering it iiDuecessarj- to blow upon it after removal 
frcmi the cylinder* 1 offer this theory as a pt>%*ible ^>bilioii of the 
mystery of this peculiar type, though as yet I have not h^ri able to 
conduct espvrisncnt'4 In order to see if such a process wuiikl ect effi¬ 
ciently. The pkton of thb specimen is of w^kkI, and prer^nts the 
peculiarity of the clipped end having been capj>ed with lead. This 
lead capping is damaged* uud it not easy to see whether it was 
intended to take tlie place of n packing or whether it w'fis supple- 
nientuiy^ to the more usual packing of Ihread* Xo trtice of thread 
packing is to be soeut though a sunken groove near the end of die 
pistons sceuiH lo be designed for holding t^me kind of packing wound 
round at this point. Mr. Bcatifort told Sir U. K ilurtin that fin^ 
pistons were becoming ven^ difficult lo obtain in I^ritbh Korth 
Bni-neo, where they are confined to the wcml cojtst* He also added 
that the better ones are made of 

Thr onl}" example made of wood from Borneo is orie figured by 
C. M. Plei'te*'' and, although this is not so stated, it likely tlutt 

this may hove come from British Xorth Borneo. It is (tig, W) quite 
pJain. and differs in externul detail from examples from Sarawak. 

In regard to the genqml qui'^iion of the pnesenct'^ of the fire piston 
in Bfimeo. it appears to be confined to an area extending from the 
westerly poiliona of Sarawak to the western coast of Britbh North 
ltd men, though there is a wide hiatus in the distribution Iwtwcen 
thesic two regions. It is only found on or comparatively near the 
coast, where there is a strong admixture with the Malay element, and 
whertf Malayan cfslture is very evident. Both Mr. C- irot^e ami Mr. 
It. Sbelford are slmngly of opinion that this imdniinent. has b?on 
iutroducctl by the Malays, from whom the Sea Dayaks have borrower! 
it in comparatively recent times, Mr. Shelford w-rote to me in answer 
to my inquiries that *Hhe xMrtliiya and ,Sea Dayaks of tlie Snrihas 
Hirer were at one time as5™iatcd n g^d deal in piracy, etc,* and 
there was a good deal of intermarrying; nt the present finy the 
H)rung Sivribns' have more of tlie Malay in them than an^" other 
triljc of Sea Dayaks. and* asi far as I can make oiiIt they are the only 

•Jnanir XX, ISOt, ji. Oai. 

LIX, pt rvi p, a (of reprim), flp. T* 
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tribe who know the Ui^j of tlic ahelttp (L e., fii'c piston),” Tlie tntter 
remark leaves out of consideration the oeciirreni't* of tiio impleruent 
in British Xorth Borneo f but there, too, Dfuliij'un culture is not litek- 
ing on the coast, and it is likely that tlie fomiH foiiud there^ vrliicli 
dilfer ftem iho Sea Dayak forms of Snraivak, are traceable to tho 
sumv Malayan origin, the difference in tytje being due eitiier to variii- 
tiuu wuliin the district or to diilerent tyjjes of the instninienl liaving 
been introduced by the ilaJays. Tlie use of lead as a material Is 
peenJinr to Horrieo, and it is fxjssible that this may lio a character - 
developed in the island itself, unless the Finlays may have tbrnisidves 
usetl this metal and introduced its usie with the instniment lundf. Of 
this theie appears so far to Iw no tveord. There is no Siamc-so influ¬ 
ence in Bitmeo, so tliat the direct influence of Siamese culture fi'oin 


the Malay Peninsula is <]itite improlioble. 

JatHT .—hire pislons, though nou* scarce in Java, range over a wide 
area of the island. Tliey are apparently always made throughout of 
hornj at least, all the spodiiiines [ have seen or know' of are 
of this nuiteriul. 

A good, well-made specimen in my possession (%. 3D), of blnrk 
horn carefully polished, has a cigar-.sbapeil cylinder, with two bands 
of omumental ciigriiving. The piston terminates in a large rotinded 
htmd, which is fixed to it wiUi w horn riii’ot. This knob or j>iston 
head is holloweil out, and serves as a receptacle for tinder, which 
«>nsLsm of a lu^own palm scarf. The siiecimen was obtained in 
Huiteniiorg in the west nf Java, This shajie apfimrs to bo u chnrac- 
leristic one. Mr. C. M, Pleyte, of T^eiden, hod several c.vajnpliHi of 
this form from Bojjnr, one of which is now in the Edinburgh Mu¬ 
seum: thf,-je ai'c almost identical with my spocimuns. In the museum 
at Rotterdam there ia a horn fire piston from Java, but I do not 
know if its shape is tlie same as the ulajve. In the Cambridge Mu- 
seiim may lie .-wn a specimen from Kadiri <Kodiri), in whieb the 
cylinder is shorter and temiLnates iij a finiall projecting knob. It 
is ringed all over with transverse, incised lines (% 40) V dif* 
feretit type again is figutvd by C M. Pleyte,^ in which 'the horn 
cijmder from Ixilow iipward, the base being broa<1 and cut 

off square, Tlic knob on the piston is hollowetl for coniainitig 
tmder, and is furnished with a lid which fits over a flange (fW +]) 
In the «»ni<‘ Plej^te refers»to a Sundanese fire piston (West 

ITie form of this is, (infortunately, not de- 
aenbed. He says that tjmtok is from the root word #^fo*^MaIay 


•ninhnm LIX. pL ix, p. n f„f ppprim). 
»t|nnMn«; tbr emlali.KUL> at ihij tlB,tartiia«li« 
WeteaDcltaiipea, [t. SO, uijo. 
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i 7 ? 4 ?n^^ff^A'=^^nick do^vii qiilddy or witL foroe. The wonl 

ttii? Rfime ft« givc^i the ^fuluyan niuiiB of die inurnment 

ift Sumattti. 

Movxs .—From this island thci-e is n tiro piston in the Yienna 
Museum (Jig. 4il). It is made of honi^ nnd is peculiar in Iniving 
0 roundcfil rc<.*e|>tade for tinder at the lower end of the cylinderj iti- 
F’luad of in tlie knob of the piKtnni 

John Ciinieroii «s qnoteiL ahove^ tlint prior to iSftS bo saw 
the lire piston in use in some of tlie bdrinds to the eiu^twanJ of Javii^ 
so that we may assiinio tluit other islands in tJie iieighborhiXHl of 
l-'loi^ possessed tile ijistrinneiit at that time* Uufortiiatelj% be 
does not specify the locniitics. 

/*kilippine /tff/f/icfa.—The tire piston bs it occurs in the Philippines 
appears to !>c mitriclod mainly to the wild uun-Xegrito tribes of 
north centra! Lincon^ wheit^ it is tjserl by natives of the fif^-called 

Indonesian ^ group. It is also rinxirded from Mindanao, however. 
IL Savagi* Landor says:'* "This iustrumcEit. calJttI Banlin^ gener¬ 
ally inadt^ of eaitibao horn, is found among various tribes of ?forth 
Lii»:oh^ IInd also in South Luzon^ among the curiy-headed Aetas of 
tlie Gulf of Itagay. * * He does not ?ip(K:jfy the partiouliir 
trilies in the iiortli, and it b «nfortunate that he does not sav if his 
irifoniiiitinn rugarding the Aetas i» lirst-hiind or not* [ have found 
no other refei'ences to lire pistons among tril>es of Negrito stocky 
and further information is required on tins point. A. E* Jenks re¬ 
marks *■ thul ^ ihe lire ^Tmge^ eonmion west of Bontoc Province 
among ihe TitigtiJan, is not known in t!ie Bontoo culture anm/’ 
(Ithers extend the dijitrilintion into the Bontoc area^ and lieyoiul it 
into the more central pcirtions of tlie interior of North LiiKom Dot'tor 
Schadoiiberg itientioiJLH^ their Use by I lie Ikmtoc people^ and descrities 
the cydiuder as of camban (buffalo) horn tip, e. 9 em. long with a 
bore of about ! cm^ Tlie fire piston, together with a bos for grease 
and tinder of crharrcd cotton* is cjuTied in a pouch woven from 
ic/ucu'* He adds that the natives value them very greatly and iieqttire 
a high equivalent, in excliaiigc. 

In the Dresden Mnseiiin lliere mv two specimens. f)f one^ 

from the Igorroles of Bontoc (fig 431) ^ hm ii cylinder cjf wood Lapr¬ 
ing from IjcIqw^ upward; the other (fig, 44), fi-om the Igorrotea of 
Tiagan, is very' similar* but is made of horui Eadi luis u sepamte 

nf tbe ICaPt. 10(14+ It* iu 

>Tb€‘ Boatnk Ipi^rria, MrtaUa+ UM^i. ^ 1B4. i Di jwrtaieat itf iU>- tnierSiin 
EthiioJ, J^urvey FiaillitittiiiiJ^ Vc^l* I,) 

^ Verliniijll. U. Ik rUai-r tli^nefc]. t Antlirurju, |Jl [rKTull, In f* KtlinisU 

VoL XVIIL 


417SO—08 - II 



584 ASyUAL TtJif»q|lT r^SSTlTUTCOS. IWOfT. 

timJtir-holder of biiuibou." .^otiiur Igorruii? exuinple 
Jccted by Dr. Alexander SchlldeIlbrr^^ is in tlie VieriJin iiiiseiun. Tlir 
cylinder Ls of ciirabao iiom and ihe piston of wcmd t the tinder of coi- 
lon is contiiiiuyl in a bumboo holder^ llie collector refers to the 
nf the inhtrumeiit aiuonir tlie Ijforrotes of Tia^an* Lepanto* niui Hou- 
loc. ^ H. KaATyjjr * gives the Igorrote mime of tho fire piston as 
Svfpahffi Ls^ njeJitioncd abt the native name of a spccitiicn 
from Luzon in the Berlin Museum. A Tiuguiiui s:peciiiii.'ii is in tlif 
latter iiniscum. In the Ethiido^cal MuKeuni ul Rome thiTt? in n Uft; 
piston from tlie CallngH tribp in tbe iirDviiiL't of Xneva 'V'Laiiiya, col- 
lected by Jose Mn. de Mourin. 1803 (fig. 40). Tlie hom cylinder is 
Jongitudinally faevtod and irtinsvcKfely ringini Jit pjtlier end. Tli<‘ 
piston is of wood. D, C. iVorecster incntioni;'' examples iJiade of buf¬ 
falo honi from tbe wild tribes of Nonli Lukoii. ffe adds: " To per- 
orm tnLs operation successfully requires long pructicjo. 1 have yel 
to jsw a white man who ppofeaksi to be able <o do it. • • * How 

I e savages first came to think of getting fire in such n way i^. to niv. 
a mystery. 1 mny assure him that the proces-s of proiruritig fin.' by 
t ns lueana is quite easy, provided tliat the bora of ihr cylinder is true 
and the piston eari-fully pueked. In Mr. Kdwurd Bidweirs coUut: 
loii t ere IS on example (%, 471 from Liixon with horn cylinder and 
w en pj«on, made very ])]ainly, .Mr. Ijindor * says that in the mf>n' 
e a rate fire pistons from Liiston " u ixtcejiiaole for the tinder balls 
IS 10 be found and n metal stwon nttni'hi^l ” 



mg iiSdl by tha Monteses or Btiqitidnonc.s in that island. 






re VtiT ifiiBeum aa Drasrim. by B. M'lyvr 


' Op, eit^ p. 5 





THE i’lUE PISTU.S'—H aJ.W H’H. 


GS5 

11 veiy wide but vcr)' conueoted area in the ea$it„ amongst pc(J{lle^ 
ralativelv low in the scale of civilizatimi. The primary question 
recpiiriug solution is whether the fire pis tun has been traiLsiuitted 
from llie one ‘,'ifographical area to the other, or whether it was inde- 
|M‘tid(iulIy arrived at in the two refrious, We know thul the prin¬ 
ciple of the method of producing heal by eoiuptession of air wiis 
<Us<’(>vered in England and France by scientifie experiment, and that 
this principle was to some extent iidiiptfxl tn domestic use there, by 
the invention of the fire piston, so tlint it is iit least elenr titnt the 
Kiiro]x>aii form was not derived from llie east. Was, then, the 
eastern instrument ti derivative from the wesftern? This (piestioii is 
not easily answered. On the one hand, tlie diHiculty of explaining 
how native iwoples, in a eoinpanitively low condition of culture, 
could pc^ihly Iniii’e arrived i rule pen den I ly at ilie knowledge requisite 
for till- invention of this method of fire jimduction is so great as 
almost to eotiipel the belief that the instrument must haiie been intro¬ 
duced from elsewhere by some more highly eiiUured race. It must 
Iw remembered that il is only one hundred years ago last I'ebruarv 
tliat the fii-st English patent was talten out by Lorentz for u lire 
piston, and that the scientific knowledge of tliis method of obtaining 
a spark clutt^ only from u very few years earlier. This, among a 
people in the highest state of civiliwttion and of scientific iidvance- 
iiient. It seems alin(a<t incredible thm so flelicatu and far from obvi- 
oim a methotl can have been discovered, w’hetber by accident or hv 
gradual clcrelopment, by any of the eastern peoples amongst whom 
it has iKH’n found iu use. At the samp time, it must lie admit toil 
Hint this is the only serioiis diHiculty whicli lies in die way of admit¬ 
ting the |wi«i hi I ity of nn independent origin in the two mniu regions 
of distribution. There is no inherent impowibility in such a double 
origin, cases of independent invention of similar appliances in wiihdy 
wparated regions having trerpieDtly arisen. There is no record of 
introtluction by Europeans. 

There are, furthermore, rorisiderablc difficulties in accounting for 
the disprrsnl of ihp hre piston in the east, under the theory of its 
original introduction from Europe, From the earlier references wp 
learn tlmt prior to U96,=i the fire piston was already well known in 
the cast over a vety extensive geographical area, embracing Burma, 
the Malay Poninsida. Borneo, and tlie ‘-islands to thr eastward of 
.Tovo,’* This is n wide range of distribution, and it would seem 
probable that considerable time would 1» retjuired lo account for 
(his e.xtensne dispersal, even if the instrunient had been introduced 
by travelers from the west. If we choose to conjure up a picture 
of enterprising European voyagers in the earlier half of last cen¬ 
tury depositing sitpplieis of fire pistons in various islands of tbo 
ilalay Archipelago and on the mainlimd of southeastern Asia, we 
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must uliio uliuw for the tiuic i^'hieh must Iuivg elapsed before ilue 
appriviution of llie value and potentialitiesi of the new ttmeUino 
would have ]>een <leve1oped in peoples to whom its principle was 
hitherto iiheolutely nnlmown. We must also nilow for a still longer 
peiiotl during which (he difficulties of making imitations of the 
European instrument by native methtui** were gradually orercome; 
for we umst bear in niiad that, simple ami few as are the essential ele¬ 
ments which together form the fire piston, it is only when they are 
in perfect adjustment that the insirunient will work effectively tiiul 
prepuce the desired result* To this extent the fire piston is essen- 
tinlly a delicate iiistrumcni t an imperfect bore, faulty packing nf 
the piston, or inferior tinder, will at once render the appliance prac¬ 
tically useless. Xative made and effective fire pistons w'eru certainly 
widely di^rihntcfl in the east iiefore Eurr>i>ean travelers who 

observetl them e.'cprcsscd inval astonishment at this pccnlinr inethotl 
of lire prorlucing, which was evidently quite new to them. They 
were educated ai^d experienctvl men. and we may gather from llieir 
marveling at the method that they were unactpiainted with it at 
home, where the dominie use of the fire piston iiiiist htive long 
since died out. Btistiun. who records in 1806 that he had seen the 
lire piston in Durtiia, was lx)rn iu l82fJ. and was llicrcforc ulwut 
foity years old at the time, mnl although his memory would have 
gone back lliat far into the early half of the last eeiitnry, Im wn;« 
evidently unfamiliar with tl>e ituitrument in EtirofHt. It is unlikely, 
therefnrt?, ihiil the instniinent wili nf at all recent iiitrodnction froin 
Europe at that time* *\notlivr important jjoint to Iw rcmoinliorcd 
is the fact that no firt^ pistons of Enropean make have, uppurtuillv, 
Iteeii found in tlie eastern area of dispersed. 

From the passage in the Mechanics’ Magazine quoted above we 
may gather that in 1M2 the fire piston was but litilo known in 
England, though it is said to have been familiar on the Continent* 
It apix’iirs on the whole unlikely that this instrument can Imre been 
taken out us n trade article to the east hy English traveli^ts later 
than, say, 1830. since its practical VLse, never very prevalent in 
England, seems to have been quite on the wane hy that time. Nor 
U it likely that it would have iKien traded abmud much earUc.^ than, 
say, 1815, sincso its lirst introduction to domestic use in Englynd was 
no earlier than ISor* This would allow a prolniblo inaxitnum uc^rioil 
of fifteen yearn during which English traders and travelers \vnil.l 
intnHluce it to various part.s of the cast. The predominant Ruroneati 
inlluenws in those regions whieli arc comprised wUliin tim nru of 
dispersal of the fire piston in the east hav<. Ixim the English ' ,ul 
the Dutch. Of tbo use madv of I he instrument bv the DutOi r t ” , 
no record, hut at least it would appear that I'hav wm- jCj 
vigucous in pusliing ibis article in the Makv *\rchipclago .[ 
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hirpci prtssesfiirins as X^ntcli Bornea* Cobbes. mid like M^k1^l^:cfiSp 
fiot npfuiar to luivtr i^ecpivctl the in^^truineiit, At5 to the Frt^nchj who 
appear to have enter! id net! a khidly feeling toward the fire piston 
and to have made fairly min^ldi'rahle use of it, they need liardly be 
wjhsidered as jx>9sible iittroJiieers, since the regions of geographieul 
distribution of the fire pii^nn In the oast are niainh* outHide the sphere 
nf their direot influence. 

It Ls certainly difficult to account for the wide ea-'^tem dbtribution 
of the fire piston and the developinent of hjcal native varieties by 
the thcon' of introduction from Fhirnp!^ which allows so short a time 
in which to develop the conditions which already obtained prior to 
I8(j5, Til in is cspcrblly the when we reincnilwr that such primi¬ 
tive and widely separated jieoples as the Mots of Indo-China and 
the Indonesian peoples of [^us&on in the Philippines are well ac- 
fjuaiiitcd with the nianiifacture and ui® of the instrument. These 
peoples have until recently been very little known to Europeans. 

It may be suggested that Europcana may have i^troducetl the fire 
piston into some one or two distriebt only, and that the further 
disper^ial was effcscterl by transmisfiioti ebewdiere tlirongh native 
ugkmcy. Tikis won Id t Imwcver. have ixapiired a longer time than is 
available, as dispersal by ihhi means is necessarily slow. 

It has frequently Ijecn suggested that the Chinese must have origi¬ 
nated and organkKtal the disikcrsid of the fire piston in the cast. It 
is a common practice to crkalit the Giineso with the Invention of 
many strange things, but them is, im fortunately, no evidence what¬ 
ever thn! tliey even knew of the fire piston, except perhaps on tlie 
Burnuiise and Siameswj frontiers. At leaid, as fur as I know, there am 
no records or specinien-H which give eiddenco of huch knowledge on 
their part. 

The giwgraphical distribution of the fire piston in the Siamese 
xMalay t^tates and the Malay an regions of the peniioiiila has eniiscd 
some of the dbtinguislied local experts to believe tlnkt the in^tniinent 
is rather Siiune^ than ^[akyati in origin, ns far as that region is 
mncenicd* This ihcHuy would peril a ps account fur its northeosterly 
and northwesterly dis[iersal among the MoIh, the ShaiLs, and the Ka- 
chins, lx possible that the Malays may have borrowed it from tho 
Siamese. Be this it may, the Jlahiy.s have certainly ticted. perhaps 
not as the sole, but at any rate as the main, dispersers of the tire piston 
over the islands of the East Indian Arehi|ielago, frofii Sumatra to the 
Philippines. W herever in this region the fire piston is found—even 
though it be in like hands of aud niaiiufactiired by more primitive 
peoplci!»“the infiuenco of Malayan culture is also obscrviable, nnil tlio 
instnuuent is not found in district.s which are reiikute from Main van 
contact. It 13 even possible that the ^falayit are the actual originators 
and that the Siame^ may have borrowed the idea from theiu. Or the 
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evideui:^ of its frequent amojig ihe widely separsttid “Iiido- 
nesian ^ or ProtO'ifalfly tribes of I^us£on aocl the Mois of Indo-Ghitiii, 
who are by some ethnologists cisi^^^ed ns belonging to the Iiido- 
nesinn^oek^ together with the fact tliat the neighboririg mom 
higidy cnltui'cd peopl^;s are wilhout it, may lie token pointing to n 
l^roto-Mnlayan origin, which would assign the invention of the fire 
piston to a nice still lower in cnltTire than the Malays proper. Tliis 
theory would involve a very considerable antiquity for the Eastern 
lire piston and the probabilities are pcrhajis hardly in favor of ii. 
All tliat can said with any certainty is llMt, whether the fire piston 
introrluced to the Jlalays hy Eiiroi>oims or by some otlicr Eastern 
lieoplc in ii coiuiilion of eiilture more or less on n par with thoir own, 
we iinist, I think, give to the Malays due credit for having materiiilly 
o-^i^ted in extending the geographind range of the iristniinenl and 
csf having introduced it into several of the is^lands of the East cm 
Archipelago where it has taken root, and whore local varieties have 
in the course of time arisen and themtielves again l>ecoine niodlhod 
in matters of detail* 

IVith the sinde exception of the peculiar type from British North 
BomcM^ (fig, 3T), nil the enslem furina are esseiiliully tlio same in 
gi^nend structure, the less important details being those which alone 
are capable <if moJification and variatjoiu These details Inctnde the 
nuiteriak used in the manufacture of the cylinder a ml piston, which 
may Ix^ of bamboo^ wood, horjii ivory^ Ixme^ brass, or lead (lead ami 
tin tisually) ; the external form: such accessories as liio tinder reciq>- 
tacle, which may be separate from the instrument, and c^^nsisl of S>am- 
niitshclh. l^cans^ palm spathe, or of woven nialeriaK Prickers 
for adjusting the tinder, grease boxes and spatulie for applying the 
to tlie piston pacldiig+ are other accessories which may be 
pre^spnt or ah^nt^ but whose occurreiuie in identical shape in widely 
rated regions adds to the evidence which goes to prove that the 
whole series of eastern types belongs to one morphological group. 

Assuming, for puri>oses of argnnienu that the oriental fire pia- 
ton was invented independently by the ndatively primitive [jeoples 
among whom it appi^nrs to Iiave l>een in use during a long period, 
we may consider the qiir^lion ivi to the manner in which these peo¬ 
ple might cnnceivahly have hit utjon tills highly siiecialized method 
of preKlntmg fire. It must admitted that the great difficulty in 
arriving at a s&tisfnetorj' conclusion upon this ptiint is the principal 
fflctnt which tnilitateft against the acceptance of I he theory of the 
native origin of the fire piston. There can be little doubt that, if 
the invention was made by' an eastern people^ the principle innst 
have been arrived at by some happy accident■ the effect having been 
produced during the process, of some action or work tmeonuacted 
with tire m a k i n g- It is inconciuvable that such u ph%'^icui plicnonie- 
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non nould hiive l>een thought out iiud elftbornted scientifically by 
primitive people?!* nnd we may remcniber tJmt in Europe the first 
appreciation of this phenomenon of heat production by air compres¬ 
sion was due not to icisearch bat to observation of an iinespected 
effe<it* TJiere are three absolute essentials neoe^ry for production 
of heat 111 this manner: (1) A cwdinder with accurate bore, closed at 
one end: (2) a piston accurately fitting the cylinder; (3) tinder w’hich 
i^ vei-y quickly indamiDable. Therefore, in our search for proto- 
tyjws, we are necessarily restricted to objects in which these elements 
may conceivably l3e associated. 

A fonii of l>eilow !3 used in tilowing up the lire, wliich very 
prevalent in Burma and many parts of tbe mainland and the Enstem 
Archipelago^ and which belongn largely to ^lalayan culture^ is con¬ 
structed upon the principle of a pistons there b a cylinder and a 
packed piston* whose thrubt drives the air out iti a forcible manner* 
III this, houever^ a duct opens from the low^cr end. and since* there¬ 
fore, the cylinder m not a closed one^ there can be but little compres¬ 
sion of the air: certainly not sufficient to cause a marked rise in the 
temperature. So that, if by accident some tinder-like niaterinl 
adhered lo the piston, it could noj lie ignited. In breakiiig through 
the nodes of a lauiibrxi. in order to render the Iwire continuous and of 
l^iiter holding capacity, a rod may l>e thrust violently down the 
cylinder, which at first is, of course, clt^dn Certain simple and 
primitive-looking lire pistons among the Kachins are indeed made 
of natural bambo4> cylinderH. It is unlikely^ bowG%>r, that the rod 
vvoiilcl fit 1 :^ tightly as to act like a packed piston^ and hence there 
would be nest to no air compre^iom Appliances of the nature of 
toy popguns and water syringes are not unknown in the East, Imt 
although these e,thihit some structural resemblance to the fire piston^ 
there seeuLs little likelihood of their having suggested the latter. The 
process of boring and gauging blowgims when these are made of 
solid wood might, conceivably, have led to some unintentional com- 
presaion of the air within the bore, which inight have caused the 
ignition of some responsive Tnaterial adhering to the Ijoring or gaug¬ 
ing rod, Wiile even this is improbable, it is interesting to recall 
that the dii^tribution of the oriental Ulnwgun embracen nmny of the 
i-egion^ where the fire piston is found, I have fretiuently had it 
Migp-stcfl to me, that it h obrious that the fire piston must have been 
ilerived from the pestle and mortar w commonly us^d throughout 
the Indo-Chitifse and Malayan area for crushing the betel nut or 
fJiaiHCii leaves. In favor of this it may with truth be urged that 
there is often a v'cry strong resemblanoe between the two appliances^ 
indeed some of the ™all pcntle and mortar apparatm in the British 
Museum bear so striking a resemldanre to some of the Bornean fire 
pistons, (X g-t the type shown in fig, tlrnt it h necessaiy' to look 
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rarefiitlj nt the specifjieni> in onlci^ tu sec to Trliirfi ^ 2 :roup they Wloog, 
On the ulhnr luiiith it in ovhleiit thflt \lw inn tliot the 

]ii]<i jiiorEJir is the prntntjjM? of the cjisiern lire piston is biis^il solely 
n[>DJi this stit>L*rlicial E^iniikritY. which is cvidehtly nppreciaLed by 
the Millays^ since they up ply the word gobek to liotli iDstruiivents, 
Wo Imve only to rcmcndK+r thut, for nil pniid:icnl pjirposes, dmruo- 
teristiisi which nrc e.ssiRiLinl tu the eftieicnry of the one iiistninicnt 
jure nbsoliitclT dcti'lniental to that of the other. In the case of the 
K'tel mortar, it b impi'rative thnt the pt^tle idiould work 
in the mortar, Jind it is efpiaUy esseniial that in the fire appiirutus 
the pbtnn shoiihl ren^ arcnnitely ftt the hnrcp A slight rlcpaHnre 
from this rule in cither ea^e renders the instrument for its 

purpose, and it is, cons&|uently, luust impn^Vadilc that either could 
have accidentally performed the function of the other und so have 
suggested it. 

One other appliim^'e seems to haTe a eliiim to cousideration. In 
the pim-ess of cleiuiiiig ihc hiirrels of the small mmsKle-lomUng can¬ 
nons, such as freqiienlly setm in the Hast Tiidicsj it ia conoeivahk 
that In driving an amimtely fitting dcamtig r« 2 t\ up the Ixm'^ with 
some foitie » considerable comprci^iori tif the air Itieflde might resuli, 
and that a piece nf readily combustible nialtor might have been 
ignited thereby. The toiichhoic, l>eiiig very smali, ruight not Imvo 
a tnn great ditiiinntion nf the air pressure, since tJie air could 
011 I 3 ' escDpe relatively sIip-wIj" Bhmugh this orifii'C: or on some occa¬ 
sions the tnuchhnle may have been temporarily Idoekefl, in wliifjh 
Case the compress!on wouki luive been gi'eater mid mure effective. 

In ^uic rcsjwets lids appeal's to be the leu^t unlikely uf the pels' 
rible suggi«thnifi as to the prutaty]^ nf the fire pislon, and color is 
lent to the idea by the form of the Xorlli Tkimeo fire piston (fig* . 37 ), 
in which the cjdinder lias the appeaniiiee of a miniature cannon 
actually littiil vriih a ** touchlinlev* 

At the licst, lujwever* I am not at pposent able to offer any very 
convincing huggcsilioim as tu how the fire piston may possibly h&Y^ 
been ^hscoverid in its eastern home, and it seems all too likely that 
the f|ue^tiori of its or p^lj/gene^i^ may never be coiO' 

pleldj flcteniiiiied. Tln^ jjrfjbleiii reiuaijis an escecedinglj^ interesting 
one, tnjth fi*oin tetrhilulogical and ethnologi<^I standpoints, and* in 
cnnchlding this attempt to bring together the material available for 
ct>mparative study, 1 may e^vjrress the hope that further itifammtion 
may In? forchcotuing, Ixith as regards the earliest m^ords of the fin? 
idston in tlic and ns n'gards the geographical dMributioa and 
varieties of this peculiar niethiHl of producing fire, 

I wish to thank heartily those who have m kindly jissistcd me to 
prticnre ^pwinicna or information, Jfot^e especially am I indeljted 
to Wki at, Annimdale, Shelford, Levt^n/Hiller Cbriblv, 

Joyci^ and Bidweli, whuae assistance has licen of murh value to me. 
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DlTTArLED PK^CKlt^lOK OF IIJ.FKTKATIONS*. 

FlOt 1- FJrc* JirrlncT', fniui fi^rriil FprclHrmtimi cif HkhiLhl ISfJf?, S*h 

SlH)T‘ iNTjtk 

Fi 0 , Flro pisluOp fmiiu R J. ^^Eteltell^ Jime 1 !^, hi tlip ^Ci>eJiJiriiL-'ji' 

MsiKiititHN XVIL 1^ j>, 

Fia. H rSrt' iihitcii]^ FraniHf. From Tho Fenny Mn^ilnp^ July 2t!, |k 20Su 

Fia^ 4« Flrc> iilKtfm, li^gJnuil: of rallftl hniR?; tnnfirtii <i£ 14 cm. 

For ijpiqvifllc ufi& or for sekiitific oziiorLuK^t. IL DLdwi^lI collect[ou. 

I'hi. DKto, Fugluml; cylludcr of rollcil bnt^ lKJtJ2 cm. loug^ pistoD of 
«Jp5 Ciuh wllJti mooiilB and lontbor itadclng. E. Bid welt ci^lloetion. 

Flo 11+ tdtrop EtigliiLd; cylLiidor of cn^t gLl cm. tun^: plEitoii of Btt'Oh 

S.f? <rii3*r witb hmss momihi; tUo fmckhij? Li of bmasL liL Bldwoll eollocLlou. 

Fiqw 7* Fife iili^toriH fpiKicfii Frciaciit cylitHlor of \irblto motalp 7+0 oid.+ wiUi 
etHsny knob; ftt wide, u tiTl>e for uord tinder itted wUb bilhaiul-^dinlh e^llo- 
jTulflJicr; tdflhni; of rlwniyt 7Ji cm. PuttrltnEieiJ In PiirlH. t^hen by Mr. Miller 
Chrlflty to iiuttior, tlirtX 

Fig. H. Flro plBtun, Knctiln+ nortlicrD 8tuin Ftiilc«+ IaT. ^>1* 7' X.p loo. 03^ Iti' 
E.; cylinder of baoiboo, em.; Fdston of woodp cm. CiLven by Mr. XL 
l^vesim to auLbor In 

Fjo- 1 >- DIttOp niiue iJatn : c^dlzntor of bamboo, S cim; platon of tvood« cnu 

Fio. ID. DlltOp some duin; cylinder of bamboo, SJ* cm.: jdBtoii of vrood^ HJi 
cm+t Cftrvcil bend. 

Vm^ IL FIro pistou, mndo by Wit vtHagcrri do tbe fltdneite friQotler of 
Bumin, *22’’ X., DO” 10' F.: (^'tinder of Mtout baoilHJo^ ; plKion of Ofird 

woo«h ID.D cm. Given by Air. II. to nbthfir la U^DD. 

Fig. 12. Flro ptatoop Kuby Altuc>f^ Atngok, Burma: cylinder of Intbc^tumAl 
ltauiboo+ S.D cm.: plBiois of woodp id cm^ Obtained by Frank Atlny nrnS 
flven by bJm to nntbir^r La 

Fin. IIL Fire piston, Kaifa, Oiiirt Kecbtos^ east of Bliaiuo, uptMir Btirmn: 
eylluilor of Lljd^bcolnnil biirtn ir+ 7>li cm*: piston of wood, c. D.5 cm+ Collected 
by Lfdiianlo Fen, 1885: FthnOlogfcnl Museum, Rame I4iri^i2|, 

Fin. 14. fHito+ statue ibita; cylinder of blnck bom, cv ^ cm.: Piflton of bom 
rlvDlotl to wooilea kiaob. Fen collwtfon: ElLlmologtcal Mti^eum. Rome M0233]. 

Fie, 111. tXitOt Kadilns of maiintalns cflflt of Bbjiiia]i: cyllniler of tilitck bom+ 
c* 3k2 cm, : piston of bom riveted to wooden knob* Ftni cndeclioD; Etlmologlcal 
Mllmrnm, ttonio [102351. 

Fifli, m Ditto, Kaeblns maj. Sdians Jti mounlnlon cast of Bhamn; cylhaJii' of 
Idaek Uom, e^ 0 cm.; piston of bom riveted to wooden knob. Ft'ai collection: 
Etliiiologlral Alnsenm, Ronai^ 14047^1 + 

Fjo. 17* iJltlo, Kacbln (Klmpfalp Blmino tlLstrlct ; eyllndcr nf blnck bom, 
7J> cm.: plBtoii of horn riveted witb bom In womlcn ktiob+ 12 cm* Fm coUcx^ 
tlon, 13S5; given tn tbo oatbor by Pirof+ E. H. GtgllolL 1D03. 

Fm. IS. Fire pEatop. obtaEned frtim a l^ucbln on the Cblnoso bonier of the 
northi-m Sbau ittatbs, 21" 7* N., 08^ W E, Collected by AIr+ H, R I^vcoati, 
ISBS, and given to tbe aiitbor. 

Pin. 111. FEn? pMoOn Kachln. Flayer Burma: iurvtd cyliailsr of black bom, 
e,fl cm.: plistoa of hard wood with knob vtTapjKd In silk, 13.3 cm. Collected by 
Caph H* 0* Temple and given by him to the PltMiUrrii MiiBei]m+ 18fN>. 

Fin- 20. Fire pMon, Knebln, rpfier Biirtiiu; Intbc-ttimiMl eyUnder of hlacfe 
born wItb sllrer mouiita. O cm.: turned piston of hom with brafu-rliig^>il ktinb: 
nttaeheil to It aro a has of velvet and silk eon ruining vegetablc-doss tlader+ a 
gn?flM! box of ant Htiell, fiml an Jvnry eixitiiln for jnmBc. Collecfed S>y Mnj. K. C. 
Temple and glveji to the PIII-REvem IStH. 


59a 


ANNL'AL REPOEr BMITII&OIJIAN lii’STITimON. m. 


Fl£L £1. Fire platen^ Burnin; laUi«>tiinii>d i^^lllsder df black bom. 

U.4I LID.; pi^DD of lioni rLreted [u tiiirtied bore knob; attacJned to It are a clotb 
with tinder^ nod a p^berlm], lEilhO'tiirDed woodcD boi for 

GHtsa by Hn H. O* Mordaent to the aethor 3Sai. 

Fiil Fire plnftm^ fluhy Mlnois^ Btirtud. i^ull^tOf! by 5tr. Fmiik 

At Illy. FrfiCrt ii rtk etclj by ^tr. D. Goan. 

Fin. 23^ Flra plfiojip (ipf-pwl, obtnlocd from n ^tunai fit a aHiiijish>ty\ i^ouihi^ii 
Pljjiii Klnt^: rylinder of hnrd wond^ ll.S^ cm.; piAton of black haTii+ l.'kl I'lu. 
rul3wl«l hy 5tr^ H, and to the autlicir« ISSKI, 

Ficl Fire jilifton, aoulbuni fsliaii ttnteas: cylinder of black liom 

pinitf-fuJIy Hiitedp ^ cm.; plBtark af black liom with knob Inlaid wltlimctnl pi mm 
I5^r^ ciu.j famInbed wUb a tinder tuoiicb of pnlm spnthe nnd a tnmi?^! wofutcn 
CTtL'tise boi f dk- Collitctod tiy ilr. [1. tjH-f*oti nnd gfl^cn to tlic niitlinr. 

1801 . 

Fiq. 2n. Fire plutoni Khas or KiiniukA, ruifili of T^tinni; Prabamr, ^^tiini: 
cylinder and plslon of liom, with bait of tcf;ctoble-doA? tinder. 5?clenco nnd 
Art .Musetuu, Eiiltibiii^h. 

PfcL Fire thtAton, ffoj?( ftpi (Mnluyl or (SJaiueae)^ Ilan Sni 

KciUp Nnwncblkp Pnliiiib S^lwmese Mnlny etntea; lurnc^l cylinder of black bom, 
tiiiT ctn-^; platoii of biiniT rm. Collected by Mr. ?>Cclnon Annan dale nnd clren 
to the Fltt-Rlvets MtiKcnni, ltKi2. 

Fig. 27. Ditto, same dntii; cylinder of dark bom* lathO'ttimLy], S cm.: plat on 
of wood flttlnK Into horn knob, Annandlilc eolloetlon; FStt-Riveri! Miiacnin. 

Fill. Fire idptnnp rtj;H, iditalned fnjtn Ainlaya in Jnlor, Patfinip 

SlnnieaL- itnlay atates: eylludcr of lljjlit hnnip e,b cni+: pliiton of wti-^d. Cob 

lectisl by Jltr. W. W. Skfad; Cambrldim Mm««uixi. 

Firt. Sflp Dittop Rimo ilata ; iTllndcr of turned bone, cm- ; plsioa of wcmmI. 

Fill, ^>. Flro pbdon. from the S^attiHnoi TllInKC of Ban l^hfu Mnani:. Tranjt, 

sinniew Malay cylinder of llitht bnm. Intbe'lumcd, # inu; idettnn of 

[ariind Mack Lorn with k-nob hollowed out for hnldloj; tinder, 7Ji ctn,: Aation^ 
iliilc col lection. tiW)l; lllt-Itireni MiiBCUtn. 

Fin. .^1, Fire platon* idptained by Sir. Henry T^iUa nn the Ayer tCatboM a 
aiunll thbiitary to the Tclnbati Hher ilhJa preatiinnbiy In the Ttlulitu Itlvi-r In 
r*atanl), Malay PenlnAula; rytinilcr of wcrijd coverod with cnnC’Work riiiptK, C-5 
cdl: platnn of Imrd Under Imijc 3tn) mndc from nn caUrdo bean, 

^llvt^n by Mr. i‘\ W. ttudier to the Elrltlali Mttaeiini. MtOU 

Fto. 32: Fire piston, Mabiya of Sbx?pajan(f, Menani^^kahuih S^ntmuni; made of 
bulfqlo bom, c>'llndcr c. 11 cm. limp: copied from Vetb. -'Zdlitdm Smnatrn." 
pt, 2, pt ty^xtix. Hbh. 15! and i;i. 

PitL :53, Fire pLuton, l^utnnlm ; eopli'it from R, T, Prilcbett. Jtniokinnn/’ IK PT- 

Fie. 34. Fire ptst<m. Fort Trim der Fajielic. North I^eIjirp. f^umatm x cnniMl 
cylinder of dark horn, cm,; piston of lii>m. cnrveil* ,ind with knob hollowed 
cui for tinder and fitted with lid wblrh. with a luilf turn* can Im Hccurcd by a 
t-mjeclion which imsSM rhrmjBh a uedeh iflp. 34 a). Collected by Mr, Carl 
lb>ck; lirltlAh McLACEim. 

Fio, 35. Fire iplalnti. ffoeftok apf i^tolay), bfjii opf (Sc* Dayak]. !?i.‘a 

Ihiyak. Slnmn^rBan^ W^stt fhimwiik ; cylinder of brasri, dned with Icsid, P4 cin^ 
bilhsMTimeii plelon of wikh. 1: Cfiiiarfifia nal with ve^olahlc tlndifr and brbjw 
pricker mtacbed. CoUtclcd by ^[r. D. T- S. Bailey, nnd ifLven by him to the 
lltt-nirerA Museiiin, iDOt. 

Fio. 30, Fiit^ stttoe dntH; ryllmier i.f Uad (or Imd and tin) cnat In 

bamboo mold, at cat,: rarrod piston of Itard wnod, lljtl cm, Itutlcy ctdlcctlon- 
Fltt-Klvijxs Mnseuni, MlOl. 
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I'Tiii. ^7. Fire |alKtou« west ecu si of Brftlsli Hornet*: o| very miuaiini coo- 

stnietloti; eyUnder of lead (or lettd uod tiD>« cast in iKftcuiHxi mold, wltti 
noteb on odo aide at lower end. from which a duet iE!nd^ to the bottom of tbe 
iHiru lo the rr-Underi longtli of ryllnEk'fk IDJt cam: pIstoD of wood, 13Ji etii., 
with Icail nl Ih<^ lowtfp ^^AtmItl1^f^ Collijcted by Mr. Bcniifort^ IRflOj 
l^icuM by SSIr li. PIddolph Miirtim Burt^ (o th^ niithor. IflOT. 

Flu+ 3I& Firt' fdiitofi, of witod. OiphNl fnitn C. M+ rieyie, ■■' [ndouc- 

Fettcnceuptp"’ Olohiii^^ LIK^ Sq* 4- 

Fjh. IKK FSn^ nimiin. Jdifit: of blni^k bom; cyllndDr, 1t>.U cjii^ 

iiilfmvcd: iiIsImh riveted to JoK^h, which is hutlowed onl foe vcwi-rable-drtflu tin¬ 
der. Cfdlectcd tiy Mr* C* E^leyte: nuthor^'a l.■ollecttom 

Fin. to, Flre^ blstotK Kcdirl, cast cehlinil Sara* of binck born; njIliKlel-^ T mi. 
CnnihrSdife Mmsentii; Hirorf? idhm from fnealiiillc liclobifStiu to Jilr» BiulwiflL 
Fjn+ 4lr Fife lilRlon^ JnV'u * of bnlfailo bimi; the kiioli of the jdAiOii liri!lhiiiv'ei,l 
nud lliteil with I14 h fomdriif ii HfiEler-baSf Cotik^ fmtn C+ tdeytOT " IniJotie- 
filflcbw Feiierzciiff/* <ilnbus. T>tX, No, d, 

Fio. 42. Fire jilidon, F^lorcst Ii^hindiK l-kist Mnlnyttu ArobH^iafim iiuide of horn; 
cylinder lilted with tinder recet^tacle at lower end. Vienna Museimj; from u 
rocij^b nketeh. 

Fin, 4R, Flit* piston, ]^ijrrciti« of Bontoi^ Nortli Lnxeo, FLIliiipIne Islittiiht; 4tf 
WoiHb eui^iteil; jilidon of wood; tinder tmlder uf InimlKhK II^ cm. ColleCteil by 
Herr C-^ NimiiHor; IlrEfScletk coitIimJ froiu B. ^teyer, Pnbl. n. li. 

Ki'iblAtt. Eliid. Mnstmni zii t>ruHden« VIH+ jiL 17* Itj?. lit* 

Ftn, Fire {itiflnii^ l^rtolcK of triiifirEktf, North LiiKon; of hnlfnlo bom; 
eyllihler. HS mipi jilston, 12.7 cim; onisruvtHl lMnilHH» tinder bolder^ S cm- Kem- 
jicr co11cc<tlori^ luriq^leti -dufteiiin t ctipEetl fnitii ^me oonrec, Ih;. liX 

Fitu 45, Fln^ ptKion, Ijsorfote* of Tin^n^ T4?panlb and Bontoc* North lAtiwlu 
cylinder of hnfTnlo hom; piston of ii bjiiiilo'M> hnhlpr with eoTtoii Ihider 

iH-ltihiin^ to tUlit, Colleclctl by I>r* .\htjnnder Bchndeidiier^, Drewlen Min^eiuii 
1303131 : COfted from ii Mkeleh kindly made hy Irene linfft of Vlcntin, 

Fla. -llX Fire plirton, Cnliniini trllko, Num-ii Maeflyn. .North Lueou; fiiLSdi-d 
cylii^ilcT of bom, c. O mi.; pliton of woiJii KthMo|of£lc£i1 Mnsotmit Jlome 
(4rMd*M ; fmni n rough sketch. 

Flu. 41. Fire |dslon+ Lnzoti. Phllipnlw I^lJindn; eyllnilnr tif hhiek ham, 7.S 
cm.; jilstciEi of woihI. ^ Hldwell mllectlnn. 






THE ORIHIX OF THE CAXAANITE AT.PHABET.^ 


liy Fuanz PiLETcmrs. 


Soon after die year lOOO B. C. there appeared in Canaan a system 
of TiTiting which bai^ been very incorrectly called an alphabeU that 
ia, II phonetic which resolves even the simple syllable into 

its compononl parLs, ’With thb rcj^vation^ however^ for the Rake 
of brevity^ thestem will hetetn Iw refen-cd to as the Cauaiitiite 
alphaliet. 

It is well knnw'n that the Canaanife alplialtet quickly conquered 
the world, Imi its definite origin has Iwen sliroiided in oi>scurity. 
There has lieeii no lack of eilort to derive tjihi alphuliet from okler 
mill I non' ctjniplicatetl oririital systems* but tiiis has tiot been hucccsa- 
ful. Other metliUMls of e.vplanation have likewise led to no result. 

C'anaan% northern frontier borders the territory of the Hittite 
inscriptions^ while oj^posite the coast of norllieoi Canaan is tlie island 
of Cyprus, where, down to the time of Vlc?taiider the Great, there 
survived in the “ epiohorinli’' or native, syllabic writing, an es[>eeially 
pure phonetic syslem. There is ii coainiori tendency to derive tlm 
Cypriote sy 11 aide sysieni from tlic Hittite pictures. It hi probable, 
however, that systems akin to Cypriote writing onc^ sprc’ad over 
all of A-shi Minor, us evidenced in the Greek alphabet Lu the esotic 
admixtures frum auiiic of the peoples of Asia Jlinor.*^ 

Thtis considering the geographital pt^ition of these countries, the 
pliable writing of Asia ilinor and Cyprus might have lieon live 
Hcuirce of the Canuanite alphabet. There are tither reason Ft of a 
general character that may be addijcerl in favor of Ibis pocsibilitv. 
Is the C atiaunite system ixially an alphaladic o-ne as it if? c^omD1on]v 
called? I believe that upiin close obRervutinn this question will have 
to Iw answered in the negative. It is really ii syllabic like the 

t’j'^priote, except tluit some of the Canaan it e signs have the value of 
simple consonants only, as in the Cypriote. In Cuuiiunite we have 
Ttsp, ip e. j Ka-ta-I, fnst as the siiino group of bounds would be w'ritten 

« TraOAltitrfl, hy peraili^lnn, from Uie mTiiiaa uf Praiut rm^tatlea. Ueber Uen 
rrapniiag ties banuftaaelHrlicn Atplialietii. RerlSn, Roatbur and Rcitliiin;, mm. 

in SolllleiQanti'ii Ultw," [iiu Taa ff.* nuij in Tlie TmuBnetlDaii ot 
Uic of Biblical Are|]c«loj!;^^ VoL IX^ [ip. 112 It, 
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ip Cypriote^ 3 h T i- Ka-Ui-L Aud \ust the Cypriule writing 
Jiiis only m}^ch. si^dlabjc ^igns (aside fi^om the five v-oweis) as expre^ 
the eoiubinntjon of a cupsonapt with n succeeding vowel, so also in 
tlie Oiiiaanite j? is ka^ not ak. Signs for composed (dosed) ayl- 
hi hies (Imk, duf^ etc*) tvi^e used in tidther* nor are double fJonmiH 
ninits considered in either In Canaudite find u ki-(l)te4* 
anti in Cypriote 2+9 i- e., \4-rr^iK)Km-yL Kiaally, the 
OmoaElite readi^ frona right to left jqst af+ doe^s the Cypriote. 

I [inj unii’ivare whether anyone lias heretofon^ thought of the pos- 
sdbilit}^ of the Canaiinite alphabet being dependent u|X)ii the Cypriote 
syllabic writingt but certainly no nttempt has been made to follow 
up this theory: for wdiat Koeth addmxHi in this direction in Die 
Proklamatiun des Amosis an die Cyprien pp. I if* may% in my opinion 
be pQised over. 

llie Cypriote syllabic writing is by no means perfect ami definite. 
Tills it can not possibly IjCj since it has sigtes only fol- open sydhibles 
and nothing else, ntid it is ilierefcjre nmssary to employ iiyllabic signs 
to indicate corisonaiiLs, Each Cypriote syllabic sign is sKpiivcK^aL 
inasmuch as il can espresa Ijoth a certain c>|>en sy 11 able and nJ^ 
merely the InitiBl conMiiiant of sneh syllable. Certain rules have 
develojst'd on this jMint {which need not tie cIctalkKl here), but ihii^^ 
only operate when, for ifiBtance^ the jyllabie sign po is to Ih^ used 
for p, ’ and not for the syllabic sign pi or pa,*’ but they do not 
definitely indicate that “ p alone is to be piTonounced, and not 
This can l>e detenu in ed otdy by a knowledge of the iireco-Cy'^priote 
dialect. Hti, for iin^tanre, we fiml '5'^F/lt i* t*., podo-li-iie. but only 
through u knowledge of the language find of the context do we learn 
that these styllabic signfr are to W combined into trr^kiv (ptQlin)^ awd 
not into ptoLitiep 'Fo one who Ls not an espert in Cypriote writings 
it will be of little use to state tiiat in this word only the svllabic signs 
“po" and tihould be used for the consonants and “"n"' 

alone, lu the same manner it can not be ioferied fnsm the w riting 
alguo that f ^ CA i- *■■!. mi-ai-to-oo is to l>e tmderat 4 xid os 
(ziiisthGn),,or [U f- jt ^ j ka-te-se-ta'SCt ^ (kate^staso) 

the rule also prohibited the cmploymerit in these words of other 
syllaliic signs than -oc^ and for the consonants ff, 

find 

^Ve learn from fixed academic rule* that the Cyprians of Greek 
tongue, or perhaps even those inhabitants of Asia Minor from whom 
the Cyprians had received their sjdlubic writing* had so far pro¬ 
gressed in discerning the componeni part-i of the sfjdlable tJmt Uiey 
ti^k the first groping step to pass from the syllabic writing to the 
nlphal>et. To be siire, they already had in the s^igns for the five 
vowels, n* e, i, o, and ii, sign* for five dmple sounds* but as a matter 
of fact they employed these vowd sign* only where the vowel in it^lf 
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Constituted 11 bylliible^ tA* that the Cypriote vowel signs equaled, in 
thf fr(r(|uency of their use, all the syllables. So, iii tlie Cypriole sys¬ 
tem also, the ^ond t!Oiiiponeats of a djphtliong were as importaiit 
as a sjdlable-fomiing vowel* 

It can harflly Ije assumed that it was the identical Cypriote known 
to us rhat was atlopted iintl modified by the Canaanites, but it was 
pnibailily an earlier forni, akin to die pre^ait oue^ tlial they must have 
received from Asia Miuor. But as we do not know this older form 
we jiiuHt begin our investjgntion from the Cypriote. We may assume, 
on tlie ground of the Cyprioti- pattertu that the Cantianitt'?s likewise 
discenied in the syt-tem of syllabic writing receiviKl by them the 
idea of the pure eonsonaut, and nlsc» the pc^ibility of each syllabic 
sign lieing used merely for die initial coinAjiiant of the syllable. 
Hence started the transforming and valne^honging activity of the 
Cana uni tea. 

In Cypriote five syllabic signs were formed from eiicli consonant. 
For instance, from p were fornuHl pu, pe* pi* pOt and pm each of 
which ^tuibl also meiely signify p. The Cantianitesu, however, limited 
the nuuilMn' of ^?^dhibic signs to one. Thus for pp* |ie. pi. po. pu^ and 
p only one sign was chtJseiL 

!f I am not mistaken, the atiil>iguity and indefinitene^ri nlready 
existing in Cypriote were carried to a iUJtiipIeie uniformity or sim- 
plicily wlieri the wi'iting was carried over into a foreign language^ 
sinci'! it l>ecame necessary to give some of these syllabic signs purtieu- 
Inr sound valucSi, partly such as were not repiTOPnted at all in the 
Cypriote-fTHH^k language. j>nrtly such as the C 3 "priote writing did 
nut distinguish from other similar sound values. In consequence of 
this a considenible niimtjer of the old syllabic ftigiis were used up. 
Since the Caiiaanite^ retained only one sign for all the open syllables 
attached to one ami the s^mc consonant and for the cousonaut kselft 
m the elemenL cnniniQn to ail its applieaiiuns that is, its merely con¬ 
sonantal value, liecatne very prominent in this sign. It seems as if 
the Caiiannites created an alphabetic: system while syllabic writing 
still existed, only to it^ great loss* becau^ the new forni was more 
indehnite. And yet* it must he said that it had the advanltige of 
being simpler, and the overwhelming success of the Caimanite ^tem 
shows that this advantage was much greater than the loLsa, 

Upon the basis laid by the Canaanites with this apparently alpha¬ 
betic ^'stem it was easy for the Greeks to create with a single stroke, 
as it were, a genuine alphabet. Semitic peoples, on the other band, 
made various attempts to check the indefiniteness and ambiguity of 
the Canaanite system, but in principle they have not yet passetl 
beyond the syllabic sfloge. 

Passing now to a detailed discussion of the origin of the Canaanite 
sigjii^ from the Cypriote* we must again recall that since in Cypnot^i 
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Sve sjllabk tlgus ara altai^heil to each cousonant. it not lio 

uncnmnion to finJ and thcro a ccrtuijj riirnilurjty to u Canaanitc 
id|^i with a t:om^fM>ndiiigttOtnid. This aspct^t wiis iilso pinnted out by 
Arkwright hi IiLs laniniCL-essful attempt to derive tlie exotic portions 
of the Lyehin iilphalirts fmm Cyprioie forms: In spite of tlic 
VGiy large range of coinpnri-si^n ttilonlcd by u syllabary in whith 
every coTiMinnrit upiioars in iive distinct etc," Tliisnbinnliiiitv 

of signs is otTsct ljy some wrious deficiencies. In the first 
the Cypriote writing does not distinguish Ijctween k% nnd g* t, t*, 
and dj p, p*, and b* In transcribing Cypriote signs the conventional 
usage is to eniploy merely krt+iiiid p. Fntlierniore, the C}"priote wri(- 
ing tins blit one sni-d sibilant and m* guttumis at alL But fortunately 
our discussion is only mutle easier by these defieieneiesj for in the 
Jive syllabic signs for k, k*, and g we may look for tlie Cuofiiinily 
k as well as for tlio Canaaiiite g, and in the five syllnbic signj+ for 
1* t“t stfid d we may Imdt for the Cannanite t ns well as for the Canaan- 
ite djCtc- And to what ctni we attach the origin of the gntlnml-H? 

Xotwittihtaiidiiig the great dangler of doc'eptivc coincidence^ it 
IIP vert lieless si'cnis to me tliat some Cnnaanitp characters exhilht 
stich a great resemt)Ianrp to Cypriote signs <if a corresjMmding soiin<l 
that I wonder why iiobi>dyy so far as T know', has yet called attention 
to it, I repeat here that in all prolinlsiliLy it was not tlio Cypriote 
sj’stem that wu know that came to the Canaanites^ but an earlier 
form of the same family of writing sj-stems, so that it is ijiiite udttiraL 
that w"e should be able to follow tmly in part the of adapta¬ 

tion and lievdopmentH As a possibility* though u I'tunotc one* T 
wotdd mention that the origin of the Can a an ite a1phal>et in its en¬ 
tirety should 1 m> locikci] for somewhere else* though the th'prjrite 
sjiflem of Ajiin Miiiur nijiy Inive supplied it with a large contingent* 
jUi«L jas sneli wntingeiits from it entered into the (Ireek iilplialiet of 
the i^eoples of ,\^in Minor. 

I Iwgin wnth the ™vel signs. In the same tiegtx'e that the Cyiiriote 
writing makes little distinctioii between long and i^hort open syllable?^, 

there is little distiiirtiuii lietween sigi^s for long and short vowehi. 
It has only the iiimntitatively inditferent vowel signs a, p* i, n. and u. 
Nor iloQS it add thei^e vowel signs to a syllabic sign of an o|jcn syllable 
ending in a, e* i, o* or u, in oriJer to thus mark surii an ojwii syllable 
as u long unei In fad, the id tliefi*' vmvel :^igns is very liiiilted: 
I hey are emplnyetl only when thi^ vowel begins a hyllnldV, that is, 
when the vowel sign b at the same time the sign of tm open syllable! 
Tlie signs i and u are used* bi*i4idc^, ii>: slH^ond rompe^nents nt n rliph- 
tliong, which ct]iii|K>neiits are txmsidercft in the Cyjjriote Hysteni of 
writing as st^pantif open sTlhibk^ Kxamplpzs of the use of the 

•* .lELlireiaeflu tteinurrek-klHi'Ueti ari^h]ii>fj]nf^Ecbeu Tm^rlmien^ v^iL 2r ih 74- 
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vowi^l Signs: X+1 XX* i- ^i-niU'ko-lo-i= (Aruvkbi) 

^ O ^ A I T: t X )(X T Jiie-ma-dn-tuo-no-i' | 

Tj*\ve-pe-ke-ai-flE-se—CmG^aimmeuop euvor- 
gosiaa); X I X "=*^ 1 1- e-. (luvci)t N X V e,, te^ 

(tbeDia)^ 

Sinre tin? CunuflniK^ motliiiei:! the Cypriote sylkbk xvriting io tho 
extent that for tho ih^e open s^'llithlea irihenoit in h <^ii;LsoiiAiit and for 
that conwnmit itself they retained mly one sigin it \xm but consist¬ 
ent that for all the five sylhtbles not inherent in a consonant, for all 
the fi’^ e sylhibles which Inigiii with a vowel, and for all the s^dlable- 
forming vowels they likewise n;tainetl only one sign. Five mono¬ 
phone syllabic signs lietw«‘n exclusively poly phone signs wouhl have 
Ijcen too great a efintradictioii. The Canasnites obtained this poly¬ 
phone sign for the syllable-forming vowels fn>m the Cypriote 
i. e*, a. 

The sign for a in Cypriote is that is, a six-pointed Htar, the vor¬ 
tical stroke of which iLstmlly riKia^roneiderahly alxtre the others* ^ is 
tho proiotyj>eof tlie Canoiinite In order to write tho Cypriote 
the pen had to iset in t]iric.T; the sign was therefore ctirsively abbrevi¬ 
ated by insginuing abov’c to the right and writing the two non vertical 
ixiints of the star in ii single stroke* Ay. a result tine picture of tho 
star was defaced* Whether the Iwiginiiing of this frnrsive Lrans forma¬ 
tion was already inade in At^ia Minor, Cyprus or in Canaan we can 
not know. 

By employing the Cypriote ^^llahic sign for as ii poly phone sign 
for syUahle-fonniiig ^'owels hi geneml (j£* kr and ^ a^ o, 
and ii)j the Canaunites achieved something hesidf!«L They learned 
thn>ngli tliis mode of writing* something which was perhai>H espe¬ 
cially snggcstixl to them by the phonetic system of all tlie Si^nitlic 
languages—^that evoiy' vowel wdiich l>egins a syllable ia introtlucetl or 
cam be introduced by a very weak con-sonant, such as the Arabic 
hmnzu; tliey gaiiiocl through tills mode of writing aji understnnding 
of tills w^cak consonunt i tnelf* 4 («} for them no more a polyphone 
vowel sign^ hnt lieeame a syllabic sign for with inherent a, i\ i, 

o, and u, mitl also a sign for mere Tho uniformity of the 

Canaanito sytitein of writing wait not broken upt a atood on the same 
level with 2f % i g^ d), etc. 

I consider it merely a coincideiice that tho ^ migrated then as 0 
(a) to the Greeks, U i:ertainly has nothing to do with the origiiml 
Cypriote sound value, for the sound value of the sign in Greek was 
rather the name of the cliaracLer- the name ahf i>iished aside other 
possibilities, and the sound value of a was logically (that is, after tfio 
first letter of the word) estiiblidif*fi* the not Ixdiig felt or being 

fts-12 
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iLeiibeTfttely neglected* In tht niamiar urlginat^d thn sound 

valqfl of E, end O. 

The Cypriote vowel Tigris for e find o do not seem to have found 
a place with the Camaiutcs. But we unnibUkably recognize ihe 
presence of the Qypriote i and n with the Cnnaanites, I shall in 
the first place discitss the iirigiii of the Canaanite forms from the 
Cypriote. 

The sigti for i m Cypriote h X* "i'he vertiiad inHertion in the four- 
rayed star in ijoniettmea more or bent toward the upper right 
ruj X t some places we also met with the form Xt which the 
verticcil insertion U so inclined m to bo pinillcl ivith the upper left 
ra 3 % In this X I dhst-sern the prototype of tlie Canamiite 2- 
order to write the Xi the pen had again to in thricn as 

in the 3+c, The sign was curwivHj'abhrevinled by first forming the 
vertioil insertion with the slanting liar running from right alKiw to 
left bclo^v in oiih atrokc^ HetCt toOt do not know- this 

tniusforiuatioii was Hrst effected, but it mn}- be surmised tliat ilm 
above-mentioned secondary forms X and X already prelimi¬ 

naries to the cursive This cursive was then modified into Z- 
In this hnst development, as exhibited iiy the C-auauuite ulphalHrt, 
the tendency triw^ord cursive wTiting is likewise iinmistaknble. For 
after the ray to the right below was adjoined to the principal bur. 
the hand had to hasten toward the left side to wriie the nest follow¬ 
ing letter in order to finiali tlie List ray, h o„ that to the left nl>ove. 

The sign for u Lit Cypriote is 'p, Vi y* and i^iuiliir formH* Tlcm 
tilt identity with the C-anannite Y evident; unL^^tbat in the latter 
an older phase of grupliic development seems to be prefervecL In 
Greek Y became Tand u which is iieiLTcr the Cypriote foniL 

The Cmiaanite use of the two-vowel aigiis ngrees with that of 
Cypriote in far as they serve to express diphthongs; so, for instnnre, 
in the lloabite (Meslm) Stone '‘5*^ (bimai, bebaitbahj^ 1 sliaU, 
however, not iiAsert that thk Canaanito use of Y *ud Z b directly 
connected with that of Cypriote^ neither shall I deny it- In fact, I 
leave the quesiion of the oldest use of the niatres Icetionb (the vow^el 
letters) entirely aside. 

In their polyphone aysiem the CatLUHnites had the same trouble 
with the niouophone sjlJable-foniiiiig vowola f and Yi ^ *fioy had 
with the In the same way that they changed the value of lU* 
nhown above, so they also changed that of Z and Y* Of the sylJable- 
fnrmjng vow^gIa, i and u became polyphono syllabic signs for i (= con¬ 
sonant y) and u (= wor v) with attached a, e, i, o, and u p! — ya, 
ye, otCp; = wa. wo, etc.) and also signs for i and ii atone. The uni¬ 

formity of the system was thus also here preserved. 

Alongside the sign X f<>r ;syliable-forming i there wo.^ already in 
Cypriote a syllabic sign for La ; Q 0- Thia &eems to have been 
efitipely huppreased by the Canaanites through the X (Z) having been 
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cbnnged into a jsolyphone syllabic sign, as asplalneii above. The 
suppression of ia seems to have been the easier as the syllabic signs 
for ie. ii- Jo, and iu irere entirely or nearly absent. 

Hut there were in Cypriote alongside the sign fnr syllable-formliif* 
II also the OTllaLic signs for im, ui;, ui, and no. These also are not rep- 
it!semo(| in the Canaanite ulpltabel-s known to us: they have Ixaui 
suppressed by the polyphone syllabic sign Y, which was changed from 
the Cypriote T- f surmise, however, that thU disuppoHrunce took 
place gradually; that the original Cnurumite alphabet possessed a 
related to the Cypriote tiB svhicli gurvivet! for a long time iu 
private writing, ulthoiigli it is completely ubssent from inscriptions. 

In the Ztntschrift der Deutsdieii Morgenlaeiidiseheii (lescllschaft. 
^ ol. Ij\ Ill, p. 4t>l f., 1 have stiowm that the South Semitic sign fnr 
u, 0, 09 regards its form, iil^mlutely can not lie derived from the 
C,4inuanite Y; but that it is iMisily expLaimsl from the Greek (ligamiiui'' 
stgn Ft, Latin F. Nor can the Greek diganima, Latin F, bo dis- 
lerned in the Cunaunite iilphnbct. I trlosiul the disengsion with the 
wonls: ■* Titus the ngroenient ctf the Greek digamma tvith the South 
Semitic wan points to the e^istence of some sign for w in the uldei-t 
lime in Caitann, but which did not come to mt from Canaan itoelf." 
I rc^^ogiiize in the Cypriote syllabic sign for no the missing Camiunite 
sign. This looks like, X. T, x, Whethtw this sign was already 
simplitied by the Gaiiuanitw to I). ^ or by the Greeks, can not lie 
known; for tho Sontli Semitic © eati also be eoHily cxpLaioetl from 
the ('ypriote form of the sign. 

1 thus assume tluit there were fsnee in Canaan two signs for ii (w) : 
Y (from Cypriote V) and X, U, or something ^iimitar. iloth signs 
Hcem to have k*en consideretl in Cunanti as mere variants and hud 
but one place in the firmly established smxtession of letters in the 
niphalret. So also they could luivc had but one sound value in 
Canaan. The Greek.'-, however, adopted the two sigtia with repaintn 
sound valufts. one ns digamma, the other as uiwilon. This obviated 
the treating of both signs us metv vnrianta; eiich obtained its own 
place. Digamma remained jn the sixth place of the Greek alpbabei, 
while upsilon watt plnced towanl the end. There* was evidently a 
hcHitarmy to disturb the irnditional numerical voliies of the letters, 
coriTSimmUng to iheir firmly establisherl iwdw of succession at the 
beginning of the alphabet where the frequently u,wd small numberH 
wen* ranged. The two closely related signs must therefore be 
separntixJ. 

r am inclined to consider it as ii mere accident that the Grcek.s 
chose ^ as a vowel and digamma as acoiusoniuit, and do not think that 
the original Cypriote values of the corresponding signs plaved anv 
part in this choice. It is al.«o evidently accidental that digummu 
sooner or later disupiwared from Imth the Cnnaanite and Greek alpha- 
l»ts (but not from the .South .'^mitie alphabet). 
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Wish the dif^tiEsion of the digummiiY ’which ongitiHti^l from the 
Cypriote syllabic sign up* leave the Cypriote vowel signs and 
i-ome now to the signs fur o|>en syllables with iaitinl consonant. 

1 shall first dbeuss the three “emphatic’* consonants 0, imd <p. 
The characteristic peculiarity of their enunciation Is that they nre 
followed hy a vowel of the sound-color of ii and o. At fir^ ifighi the 
striking rescmbhiiicc In^twecii those Cnnaoniic signs ami the Cypriote 
syllabic sign^^ for uu and ku might he considered merely a decep^ 
live coincidencpi biif this idea is considerably weakened %vheii it is 
rslh^rved that the Cjinaanitos merely cho^e tJie Cypriote syllabic signs 
with iiiherfMit i\ for repnr-sentiiig thos® tlirce consonants which^ as it 
’^\ ere* were preriisposeil for u. 

The C^vpriote syllabic sign for tn appi^sirB lus fa. fiv, and |^* 

From this ttign originated the Canaanito 0 by drawing together 
tbc externa I lines into a circle^ w'liilc tbo cros;^ inside the Caiuianite 
sign reprcisCnls the interior strokes T of the Cyprioie prototype. 

The Cypriote aylliibic sign for su looks like and)?(- Tlie pen 
wa^ thiiii given four strokes. I do not think it reqiiiTes« much imagi¬ 
nation to rocognis^o the Cypriote prototyi>c in tho Canaanito 
the long bar to tlie left k the f^amo in each. The triple-tout lied line 
to the right is a cursive contraction of the disconnect^ short IIuki of 
the Cypi iote sign. 

Tho Cyprintsign for ku looks like mors rarely like In 
this I sec the prototype of the Canjiamto Already in the ices 
frequont (\vpriOtc form there is a beginning maile toward rounding up 
1 he confusion of pointsiaiiii niys; in the {-anuanite 9 ^l<^y were fully 
contraotcil into a circle w'lLh a lilight rleprei^sioii below, wbicli is easily 
cxpldiiieil fri>in the fomi of the Cypriote prototype* Here also a 
remarkable coiociJencei must be notjcodd VV'hon the Camiatiitc 9 
migrated la the GreekaJ as (koppa) it obtained in inoi^t 

the vnduc of a jc before o and u. 1 a^nme that this is duo to tbo 
cmphnlic qiinhty of the Canaanite sound disciisi^d above* and that 
ii iin not ri relic of the Cypriote sign which is its basis. Still less 
can this l>e the cose with the Liitiu Q w'hicb origbiuted from tho 9 
and which in comlnnation can lie used as ku—just as the Cypriote 

Iti the three signs just discussed wc havne found a definite reason 
why the Canaanites selected the C^'^priote syllables lerriiinating in u. 
ilther^vbc it might have Wn expected thut they w^oidd have pre- 
fiTred ih<3ese tenninnting in e: for the syllabic in e occur mo^t 
frerpjently in Cy[>riote as mere consonants* Not only can tliey^ ac- 
rording to fixed rules, have the value of mere i-t>nsomint^ in the 
middle of a word like I he other sylhibif; signs, but the? are adniL^- 
sible at the liegiiining of a worif only us consonants,' Tims only 
V Z 5- 0.* e ta-liHCi-ne ="/fdflrAiOK (Ednlionhnnd pJ VflO 
i* e*^ pa-si-te-u-se = /JiTCiXeuf Oja-aileuii) are possible. As tlic 
Laiiuanites siiiiplihial the i^*lliibjc VTrjiing known to them so as to 
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retiiin but one for till tlie b-yJkblei; iitKidun] to n uml 

for thb eOn^Oiiiitit it iieemd but niitural tlmt they should haw 

preferred thase M'ilalitcr sijna* which were least fixed arid most in- 
dllTerent, such uit those tenuuiQlIiig iii e. Thus we recognized ahuw 
in the Cypriote syllabic sign iiii llte prototype of the lost Cabutioitc 
dignrnnin. 

And itifeems indeed as if tlie Cnnannites had preferred the Cypriote 
syllabic signs in e. I shall quote for the present the Cnnnanite 5 »thc 
angles of which «re not ovorytvhere as pointed as in the Moabite Stone. 
In Cypriot© the sign for no L* i^». Discarding tb© two short strokes 
on either side, there remaios only th© Cuiuuinite sign« 

The Canaanite letter I would declare as n curstvo obhreriation 
of tJio Cypriote syllahie sign for me. Its usouil form is X; but 
there also occur forms like and ^ It seetns to mo that from 
tliesc, eapeeially from the latter forms, the (.]!unnanito sign could 
have easily originated. The insertion in the middle below was com¬ 
bined wjtii tlie ray to the right ulwve to one long bar ttj which the 
two left rays were cur-sivoly altfich «1 and stnughtened. The ray to 
tb© right below vanished. Some thing like 

I must eonfe:£^ howcTer, tlmt I do not here feel quite on solid 
ground, und the wealth of Cypriote signs that offer tliemselves for 
aelwlion is disquieting. The Cypriote sylbbio sign for mi ia Xr 
sometimes also Tf, T rtnd tiA. 1 do not think that the Cemaunite sign 
'•/ originated from it; hutthepossUiility can not tic ntisohitely donitxl. 

Like wise tho slender CanoAnite sigo Q might Jiav© originated from 
the Cypriote syllabic sign for le, i. e., 8- OccHaioiml forms like B 
and ^ are uioro similar to th© Canodnite sign. But here also Z, li, 
wdiicb might also bo considered as the prototj-pe of Coniuinite <5, is 
dicsturbiiig. 

As for Cauaaiiite 9 (r), the Cypriot© syllabic sign for re, and 
hardly ooincs into coimidomtion, but tho Canoantte sign 9 could 
easily have originated from 0 , D, ra, as well as from J?, 10. Tho 
fart that the letter is named ro can hardly Ij© adduced in favor of 
its derh'ation from ro. 

As the Cypriote writing unforiuuateiy does not diotinguisli Iwtween 
tenuis, media, and aspirata, the idea suggebta itself that the Cu- 
naamtes availed themselves ©f the vocalic variety of these syllabic 
signs in order to more precisely distinguLdi the character of their 
consonants. We liavc already seen that they selected the syllabic 
signs tti, su, and ku in order to obtain a definite designation for the 
speciiically Semitic “emphatic ” consonants. We have also seen that 
the choice of the syllafuc ending in u was not merely a conventional 
matter, hut had its origin in the sound-color. This origin can, how¬ 
ever, hardly be discerned elsewhere. 

I would Again suggest that th© Cj-priote sign for pn (p**©, be), 
5. 3 , 5 and similar ones might be tho prototjTM of th© Cannanite 
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q (p). It Dimst bu udmilted, buwcvcr^ liiat the fonns ure not J=iaf0 
chflLracteristic to wfFord hiism for proofs and tU-e correspond- 
ence of tho name of the Cannaiiitc sign, p^, with the Cypriote sound 
vfiliio is probiibly merely a c:oiiinidence+ Still, 1 would even gn fnr- 
ttier mill in rlie Cypriote sylltibic t^igll for i>o I he pnitotype of 
the Ciintiftnitfl T'be ftyllabir siigu looks like S- D' 

imA .‘^mihir ones- I believe the exiei'nnl i^st^mbhince between llie 
twu letters is not simill. 

The syllabic sign for kc (k^e, ge) in Cypriote is OL'ciu^ioniiJIy 
the upper angle is some what o!>tiiso^ mid the two lower slrokes 
are some times eombiueci, aa in astiumption seems to nio 

self-evident that wa Imre here the prntotirpo of the Cammuite 
And as the syllabic sign for ko in Cypriote flj wnd q^ it is again 
not difhcnlt to see in it the origin of the Canmiiijte sign \ ^ (A)* 

It seems as If the Caiiaanltes derived from the sameaylbbie sign ^ 
^e) also the two gutturals ^ and kl* although they had at their 
disposal the syllabic sigu^ ka, and ki- The reseiuhlanre of 
these forma speaks clearly in favor of the assumption that y nud ^ 
are iiicrely different devolo]iiiieiibi of the Cyj>riotc ^vhile in Y 
there wa^ added on the left side a diHerentiating hir. 

But the Cypriote sylbtjie signs )—, ta, te, th and to^ seem 

to have no similarity vith the Canoauite A (d). On tlic 

prevailing analogy it was to be expected that ^ (to) would have 
developed into X, F (to) iuto The possibility of this ditvelopment 
can not he denied, o.spe(,dally since the three atrokes of the F t'an 
eanily lie reconstructed into p. 

Cypriole writing has hut one surd sibilant^ wliile the Canaanilb* 
writing has three* We have already recognized above the origin 
of the Oiiiaanlte in the Cypriote syllabic algtt for sti. The Cypriote 
nigns for so and si seem to have aiipplied the Canaanite W and 
Cypriote rio looki like pi^ and from it originated Cuiuianite 
Tlio sign was formed in CLmaanile by starling to the left above^ in 
one strekti neglect ing the vertical left bar* Tj^iter there arose in 
Ciiiuiaiiite signs some fomis more closely resembling the Cypriotebut 
whivti can not Iw directly ecmnected with it^ such iis LM and similar 
ontv*. ilore.the vertical bar to the left arose frtuu a cur.sivc iiec<ih 
The usual form of Cypriote ai is, A* sometimeii ^ also 

I believe the i.vaj to Caimariito ^ and Greek I ia not very far front 
it. It may Iw worth rncntioiiiug as a coincidence that the picture 
of the Cypriote tsyliable sign invohmturily reminds one of the Ca¬ 
naanite imniu of the letter siaTnek% support*” 

1 thus claim for about hnlf oi the twenty-twn rigns of the Cana uni tc 
alphabet a certain knowledge of their origin. And ihh certainly 
learls some weight to the con.sideration of tho other reseniblaiiiCej^' and 
jmrmises that i^therwi'vf would have to be dlHUilHsod wUbotit further 
relkctioti lut eoincideut^ and fimtasies. 
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Tho very uncii^nt rcH^pnli? ii^n? for the time made known to tho 
learnwi world nn? noteworthy in innny respeets- They are remarkable 
for their Inu^jiigu aiid for their eontents. They are eaprH:;Lally valu¬ 
able because of their relatiuii to the latest hlstorieal books of the 
Old Testament, the Chronicliw and the books of Ezra and Keheaii&h. 
They also throw light on the hLstnry of the Jews during the littie 
known period between the activity of Nehojniah and the appearance 
of Alexamler the Great. In language they are e.ssentially identical 
with the Aramaic chapters in the l>ooks of Essra and DiLnieK and in 
phniseology they present many pninta of contact with the official rf?c- 
nrds in the lionk of Ezra. Thc\v relate to the rebuilding of a destroyed 
temple^ just as the Iiook of Ezra relates to the n?building of the 
temple and the walls of tfenmlem. 

It was the achievement and gtaid fortune of Dr. Otto Riibensohn 
to have fcuiml these papyri during the recent excavations on Ele¬ 
phantine^ an island in llie Xile opposito Assuan, » city nu the eastern 
btmk of the river, on the border of Egi-pt and Niibia^ Among die 
results of his excavations, there reached the Royal Museum of Berlin, 
besides largi-r and smaller pieces nnd fragments of papyri* several 
still unopeiuHl scrolls. Mlien these were unrolled by Mr- Ibscher, tlie 
curator of the papyri at the museum, they were found to be In 
part Aramaic, among them the one designated here as No 1. Doctor 
Rubensohn describes the discovery as follows; 

Tlie rtf rnlHF iEnmy itltaateiL cn lUe wiutli ;ifllTit of ibo lainnd af Ele 
phaaiJne. muil Uie nnrlecit city of the itauie ciitur. Ip on Its northern 

las It curered wilU a UerLOc DiaKc of vml^M of aDbnrat bricks, llie riiiimlna of 
private dwellings of varluilH rerlods of iiatiqnllj'. Tbe entire iiertlicrn half of 

^Titmalatcfl and al>atniete<t t>y pemilsplat?, froju ‘*l>rei AramnelHclir Parw- 
rnsDTkmiden ans Eleiihautineby Edimnl ^eaan in ibe Abbanillaa^ea Uer 
koenJi^llebeii nreuEBlficbeu Akademle tier Wlpseoflchaftefi for the year 1007. 
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till' lui^ hwii tUon HJfrilly du^'AftlLi tiL*d ilur luf; tlao In hi 131*^111114^ liy tlio 

or 3 tie f+.IJjiJjlEi* In of iiiiii«otit[Lciil ewrtli, so thjil nt tlip 

iiudEMEnrlK.^1 iicirl nf fhu Kam wiwl* imrUcnlrtrly the prujthyrni^t, fmirtnii 

n ims'liHi'k* t<i^'3irEl iheiH;*- jiEirlis tUt* tiuulL'tit oJly diiij; ivviT hy tln*^ foUtLlitii 

and lliu^ liniitj;ht ilnu’ii to n Inw Ifvei, 

Tlic Arniunlc t^urjTl miin? to ] 3 >i:ht In t>vo ttunnK Id two iiSfforpnt hnt not 
w 3 dply ifieimrjih'il lioiiifc pmosin, uol \i*ry dLtctiiiit fniiu flit* ^itfi^Ekt western eilgo 
«f rSio A'opw. lly fsir tlip lari:or imn of the lllntfi wafl In rlik^ pi*nitliprn rockni; ftotn 
(tip rvtirtlitTO liflJy 11 fnw frafEntPOliii wppp olktnlnod. Tim bulldlnn t’outnlnltii? 
the ATEininte wiir Lei 11 x^ry poi>r Jifnto ckf |prvBt*Pviitlon^ like uliuoflt all llie 
ntlipr hrlok 11 f klloiiLmutiiLPH Ih^Kblt,'^ tlil^^ tht> Aoiitliorfi ticnisp liprc 

dfiKTlUifd biiii piideiitly ln^ii rplmllt ni vjirlnna ntHl Hip rt^Eiiimntw fkf 

wit 11 si vt a coiitdriirtEnn rnry ulmlliir to tlip dret tunilo its euri’^i-W isstroiiioly dlSt- 
mlt, it wMi? littTofnrc* luitutftptlklp lo dt^lermlnp su^arntply tlm groiiud pbvEi of 
thf Ijxkiiiu?. Tlkp dp>itriK'(ton 3>ioiiiy to n IhnhHl ibp n^ult of time, but Itl 

oblpily diip io liip activity of ittp n 4 i^Ii diy^rsu tnui*w uf ivlio*eo wiirk wpn> 
|ila Lilly vlHlb|i\ tiHtloutloji^ ipynitini'dtivpiy otk^i^i^pitldkis, TbE? ijN>L wbero tlie 

AmiiutEp l>opyrl Liurplm 4 H.*tf by Mr^ Mond foiini] was lhiIuLi^ out to nii' two 
yonT^ EijiEO by the ilotilct wtio Ailil tboiUp imU £n oor llr^t caniiiul^k Id Fehniaryi. 
initlp ffe eieovatPtl from this [tohit KOtiUi^ unoarthinic tlrof-k ^uspyri. In tln^ 
present inuupali^ we worked iiorlbward^ iuid Boon eaiue nrjoii Llie Aramak* diioti- 
mooLs here dcflcrlbtd. There etiu be uo doubly thereforOi but thut tb«Kr in tho 
mnfPeEin^ nt Cairn eamo freijj fbls sery rocim. The Oilro juipyrlp nccordloff To 
tile MtaLpnvpota of the dpfiTt rf^ wre lu a pipL„ wLIIp tlio (tm^k (wiikyrl iltEPtJOVPml 
It! oiir ilmt escifcvpitloni were deiKksItud Ln n tiliiillar nutniipr La tw'ij (Kdit Tbiw* 
iifw ArnmaliT i.3ociuiieDl«v however^ w ere foiiml In tln^ il^ji^si tn^ir Lite eaiAeni 
and ponibeiTj whIIp of the rctoiUp Ht-awly luiJf n Pieter hekwv the present frurftice. 
The flVKi iwxi |j|iH*ea were Lu the rubbish iiotrtlde of the rimiai to tLit> wofll, when? 
they Lad l■vliIeu^IJ■ Iwen Lnmafcmjd by I'lirller DnnuLhoH^tHl dli^ers. - s * 

The fiiidii of Doctor Riiljens^ohD come from the archives of such 
Jewhdi colony nsmuBt have liTcd sii ElephiintiDe. They hixre n close 
reLutiaii ta the AraiULiic papyri discovered nt Assuan^ which hnve 
iwo editeil hy A. H, ^ayce with the assistojioe of A, E* Cowley 
(I^itiflon^ and which in all probability^ lhough .they coinc tsy 

liglii ni AjsSivinfL, wore originaiily found at Etc pi inn tine and fomtetl 
part of die popypuH LrctitnirOj tlie final discovery of which was re- 
serred for Doctor Kiiben^^fan. Tlie doctniicnls etlitcd at Oxford 
ixdoiig to the -vanie ptTiod as tlio^i now at BtTliii; tliey OFigiiiatcd 
under the Maine circunintaiiues, were c.‘oti:iposcd in pari by llie same 
persons* and the fisuie names apja^ir in them as in tlicisc btt;r dnds. 
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rontalning a iwlition of Jetioniali and his fellow^pnests of the 
Jewish temple of Elephantine tiddrrsf?€Hl to Hagohij the Persian gov- 
enKJr of pJeru-Saikiiu asking for the rt'storation of their temple, which 
was dcMlniYcd ibronglk the machinDtiDns of the Egyptian prie^ds of 
the ^^od Chum (or Iliiuh). Written in PliiMtlT B. C. (FJ^ I 
iiiid ID) 
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L To onr l/arJ BnijnliL ;gfliromor vf Jtiik-ii, tlij ^sur^TuitSp JedotiSftli and h\M 
i?om|3rtiiLonfti llii^ |jrl«-tT^ In die tnrivi^ Yii'Tn ClmitLiig: 

2, ilflF II DU von, KTwnt dioc |mhhw abtindantSy at nil tliuWr 

nnii KfVi? tboo favor iK'foro KInK inirUiJ* nistl 
:i, the SOUP of the royiil Inmm; n tlnrngisindridil tnoro than llO^^^ atwl give thi'e 
lofJK Ufel Mnj joj and InaiBtli bo llsltie at nil tlTiiOfl E 
■I, Xow ttiy HervaiitA JocloDSnli nmi biR oonjnnnhiiiJH thns: In the Doonth 

of Innanisi* iJoly-Aiigust ^ 10 tbo 14tb r«ir of King iHirUim wliL-tJ Amini 
C. deinirtoil and wntil tci tbo Klnp, die t^rk'^iiif of tbo pmI Hnwb in the fortresa 
Yeb outorHl » <^nBirinit:y wllh WaldrouK, ivho Was thi> jroTemOr here, ns 
fuUun’s; 

0, “The teniplG of the Jnbn tVftbn) Ln the fnrtneifW Teb bImII be 
niLived/* TherpiiluM WuUlmn^ Pent 

7. letter^* to his mn Neiilmynn, wlio woa comtmiiidor of the fortress Syeiift 

Anyitig* ”The Ln llbo fortriisu* 

8. Yeh idiiiil bo dcrtftrtiyecl/* TborouiNoik Neitoynn brought Kpyiit Intis toi^otbor 

vcHh etlior B^^iblkrH. Tbey ennio tii fin- f«rtriiRs Yi4p vrlth tbnlf * * * 

». They entem! Into that temirle iind di^tr^iyetl H to tbo gttiiLDd. and broko to 
the xillliirs of atmio t\mt were there, 

10, They (ieatroj^t^tl also the piteFi, bnttt of hewn Htc>sll^ which were lii the 

temple, iiiid tbolr topg (?) • ■ * nud bnoo!^ liSnj^ea 

11, In umrlsle ainha (?) nnd tlnr twf^ nmdo wholly of i?Ct!nr w^kxI t^-igother with 

the iftuo<:o of the wall (t) and iPtber Ihlinzu thnt wero tboro, 

12, all thip they burnt with arc+ Anil the htmls of gold nnd Pllvor find wbat- 

over waft hi the temple ihey lai^k 

13, and Hpomtd’latetl lo tJii^mradveiL And slacc (already InJ tlio ilayB of the 

KlngH of Egypt bad emr fat hem biiklt this teinplc in the far tress Teb, 
And wiieii Oinihyisets witefod Ito'pl 

%L ho foninl tbts temple hallt, and whiio the tompb^ of the pfalri of Kgypt 
were thm pit tivorlhrown, no emn Injtireil nuytblnn In this tmnptiv 
life And sinw they IWuldmug and tlm prlHSljt of llnub] have d«me this;, we with 
our wivew tmcl cbIMren liave put op sacketotb mid fawtod and prnyi?^! to 
JflLu, tbe I/int of rienven 

ICL who gnxc im coenlEmice oI WaMrong ft. e,, pnnlflhwl bltnU chain was 
retiiov«>it fn^ni hla Iwt, and all the ptissessten^f w'hleh hq ncqulroil por- 
iKhiHl and nil tbe Cuen 

IT, who wished LU to bift temple were siiiiii, nnd we snw It onrsetres to our 
KnlLsrnctlnn, And beforve thti>^ ut the time wbeii thlK evil wiia ibme 
36, Lavn wn s£?nt ii letter to our l>ifd [Baguktl and to JeholuLimn (John), 
the Illtrb priest, atwl hli^ coMiliaalous, the prti-sts In JttrusiilDiii, and bill 
brother Ostan, 

1t>* that Is, Ann Id Iliannftbll af]d Hip hotih^ of lite Jews^ hut tlwy nent ns an 
attawer- Also since the Ibintiaiss (hiy of the lith year of King ttotius 
20, to this day we wear i^ckclotb mid nfe rnstLae: Our wives biive l>eco|ue Mkn 
widows. We bare not aaolntefl ourneliTS with oil 
21- nor drunk wine- Neither from ihnt day to tbla Elay of the nth year of 
King Unrlus buve nicnl-olferings* ffnnklut.vnfli'^ or humt-offeriiigi^ 

22. been ufferesi in this temple, Now' thy Honnntu, Ji>i1oniJih, mid bis COW- 
pan ions, and tbe Jws, all tJie eitt^^is of Teh, sfienk thus: 

2?h If it seeiD grwKl to oiir loith bmyifsrt tbou think atjont ibla temple to retmlid 
It, Hlacc wo are not |ierinlttM to build \X, and look u|34iii tbn n?elpletits 


608 


BmmT HON, tiHJt. 


24. of tils* litneflHi atiiJ of ihy ci&rcy lieru Iei E|?ypf- « l^fttur Im? seot from 

rhpfl to tln*na coot^nilnp tbe teiuplo of Jabu 

25. tMt It iMi hylU lia the fortress Yob as Jt wus htilk In fomior tliflea. 

Auil vrf will olfer meatHJlTorliii^ia utiil fraukLaq^so mu\ 

OIKin itiy HlltEr of the GoO Jaliu Iti thy luiiuo. Atiil wo will [irjiy for 
tbqi!< nr aU tlnii^ wx> n]]il oiir wli'^ ajid our ehlldren uml nil the .Tewb 
27+ who Eire here when rliJs will Im-^ do&t^ mUi ihe Is imllf. And thon 

ahiilt hnve u iH»rtloii ^ruhu. the Gml 

£S. of Hen veil p frooi every iiue who olfers to hiin bTimt-otforln^ nnd erierillccifl 
In vnliie wiuni to s silver shekel fur * * • And eoTnr^ynilniij the ijokl 

26. we have bcui umi uiatle known. Wo have also nil of eis w’rlttca 

concerning th<wo in n lelier In our name to Ix^kiiiiLt miiil J^lielecn- 

Itih. the soKis of £^tnhjkltatp the iroveniHjr of SemiijrLii. 

Arsnm eiIbo has no kutiwleilKe of nil that has heeti dono to UX Ttw liOth 
of MnrheshwscL ^Ortcthor-Kovcmhery, In the 17ih yoar of Klnj; Pnrlnx 

I t is well kQowii llmt Elephantine. nld Egi^plinn name trns 

Ainu Ibii* I«bi or Ib. which in Greek ujkI Aramuic b^omc leb or Yeb+ 
waSp miller Peman and EoniFtn dximiniont a frmivsii wlili a "prriisnri 
guarding the fruntier* against Nubia. It is also known frotn da.ssi- 
ral ami E^fvptological writings tlint the nim-headcH:l llinenni or 
Iljiub was wurialii|jpefl in Elephantine together with other divinities. 
(Compare Strabo. HIT,) 

tlagidfu to whom the letter is addrei^d (line lb and Jeliolianaiu 
the high priest nt H-lenii^iilein (line IS), are uiiilimbtedly idetitietd 
with Bagoflsor Eiigosif^ aaJloaime.s mentioned in Joseplms's Antiqui¬ 
ties^ XI, 7, where it Js nduted that while Bngoas {Rnguftes) was Per¬ 
sian govcKiDr in denisnlpm the High Prie^l foannes slew in the 
temple Uis brother desiis, who eoTitesteEl the dignity t>f the high 
priesLhooft* Bagons tliereupun invaded the temple and iiniaised 
nptiii the .lews a fine of Tif) dnichms for every lamb that there was^ 
to oiler ill the temple. The High Priest Jehohanan is iilw> nientitined 
n NVliemiali, XII ^ *22, ftetloniah, who upiie^r^ as head of the Jewidi 
community in Eleplianline^ occurs also in the ArnmBic papyrus of 
Assiian. In iTudonf Nehemialu III^ 7^ iiuiy lie &seen ati abbreviation 
nf thifl naine+ Sanballat, who is named m governor of Samaria 
(line 29b is the well-known advemry of Xehemiah. (Compai'e 
Nebeniiqh* 11^ 10. ID; (IbSJi; 1^''^ 1; vt^ I.) HLs sons are not men- 
tiimcd in ihe Old Tesiament; hut the names they Ix^ar, Delaiah and 
Shelemifllu often t^riir in the time of and in contieclion with San- 
ballat. (Compaiti Nehemiiih. VI, l(bl2; XIll, !»; I Clirouid®. 
III. 24: XXIV, le.) 

But that the community of Elephantine should turn for a^ktaji™ 
to the sons of one who had been the bitlereiit fex; of XeheiniuU and 
pf tlie restoration of the Jeivi^h notion and its cult in Palestine 
^tni? rather strange. Can it be that the Jews of Eleptiuntine were 
in entire ignorance of Kehemiah and his great national work? Or. 
since Xehemiah^s return to Babylon (about B+ CA had his con^ 
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ftict with Smiballrit Iw^cxniiii i¥J Juui^Jj ii ihing of ibv psiftl that the com- 
munily belkrcd it could i ignore ihrae without fear of giving 

otfen^i Or, were the Jews of Ekphuiitinc Jerived not from Judali 
nml Bonjnrniu but from varkus imrtia of the old kingdoms of Jiidnli 
and Israel (they might have rome to Egypt alixady iwfmT? the over- 
ihrow of both of (ho-^r kingdoms), so tlial tluty w^nid trooKiilpr them- 
ati licijig out direct parties to the political and religious differ^ 
eijces between Jerusalem and Samaria f However this niay be, it 
iippeai-iH certain* rhai they did nt>t net in the spirit of Xeliemiah when 
they asket] the wins of hi^i heriditary enemy for help. 

Arr-am (lilies 4 and yo) is possibly identical with A^^ylnes of the 
Greek historian Klesias, who was governor of Egy]it when I>ariuiS 
II, Xotliiis, 414—^0^ B. C- (the king referred to in lines 4* *21* and 
SO), acceded to the throne* His tenipurury absence from Egj'pi was 
laken advantage of by the priests of Chnejou* who bribed Ins sulior- 
dioHteSt and with I heir arista lice, nuder the leadership uf Waidrang, 
a Persian magislrute of ELephanlLtiL\ destroyed the temple of the 
Jewish comm nil ity. According to Imes 16 and 17 a reaction soon 
set in; llie enemies of the Jews were deprived of the fniita of their 
plniider and were all killed Wfore their eyes. As to the manner of 
this reaction and by whcnii it was hrougUt about, notlJng k said 
in the document. It may L>e assumed that Arsatn had mcanwiiiJe 
returned to Egypt. But, though the evil doers had been pumshed, 
the effects of their evil deeds were not reraedic<l. 'fhe house of GchI 
still lay in ruins and the congregation was not allowed to rebuild 
it. Wlin ihcse uew^ adversaries were is not recorded. Hence the 
petition to Bagoas. 

I>(:H:iuueiit II is a duplicate of l>oeument E with only slight vaHa- 
t ions. 

OiK-ument III shows, if I am not greatly mistakem that the ardent 
wish of the Jewish conimiinity of Elephantine, the permission to re¬ 
build its destroyed temple,, was granted, for this short but complete 
papyrus can be interpreted in this sense without stretching the iimigi- 
imtion. Tills dtK'umpiit in nut tlic w ritten answer of any of the Lhree 
addiiisses iiientioiied in Document I, but in nn^ opinion it is a note j>rc- 
scrvttfl in the nrrhives of this ctmimunity of Elephantine ronceming 
the oral answer which Ikgoai^^ the Persian governuf of Jildea^ and 
Delahih, the son uf the governor of Samaria, gave Jedo- 

uiah, the bearer and wTiter of the [ictition. 

TUAaSLATEO^i 

1. Aeeoaat of tliat wlUcIi BjirciIU iiad Dt^lntah Hi!d to aio. Ttip necdunt \a as 
follows: 

2 " Tbou flbalt apcalc In Kgina 

3. liefore x\r«insQ« coaeertilaE? tbe aUar bouw of Cki4 

4. of llctiven wbkU t4-ad been built la the fcrtre«H Veb 

b. before our time, before- Cambyses. 





010 A^^^fL'AL itEPOar SMlfH60KlAi* I^iSTITUTtaXp IWi, 

li. Wtik'b VVnhlnniir^ ihnt * * • Ihim 

7. lu tliL* luh yiai3* cpf Khij? 

S. Tu tM.' tL'liEiilt In Iti* plttw, itP Ir wtw bufon* 

0^ jui^ tuhNiNpIt^rln^^ mid rrnnkEiicciiae sbaU bo ^nToroil ii|hi>D 
lOh tliiic fliliir lKki‘^1iio flB tM^rar^ 

I L nua iimM.1 x*y Eh^ dnnt%” 

To stim up the facts Id be liecivod from these tIdeiimetlOt: 

Then? was iii Elephflnrinft in I he lifrl:i cenhipy 11. C. n Jewish 
conmvLiinty which |KJEe«!f®ed a st>acidus^ srcll-biuk temple with five 
gates and a cedar rixif. The ImihJers of the temple hmi lieeri Pich 
ciiou^h Id have ctHliirs transported from the far r^ebaiioti fure^^ts to the 
border of Nubia, and their ilesceudant^ were rich enough to have 
sacrilicial bowls of gi>ld and silver. 

The temple had already existed for a long time when llociiment 
I Was written in lOB—JOT C+ Cambyses, wlieii he cntererl I^gypt 
ill found it there, tind while he de^tioyed the temples of the 
gods of ICi^^pt Jie, the son of tlie gt‘i=!aL prince who allow^ the Jews 
living ill Babylon3an captivit_v to return lo thejp home, did not 
Inflict any injury to the temple of the tfowisli commutiitv in Elephan¬ 
tine^ was this temple built? llTien was the Jewish community 

in Elephantine settled? After the . destruelion of Jerusalem by 
tlie Babylonians in 5S8? After the destnidioii of Sainariii by the 
AsoTiTians in 7^3? The dociinieiits and fragments of documents dis¬ 
covered at Elephantine^, instructive as they are concerning many 
otiier things give no inforiiuiLiDn on ihiKe jxilnts. 

Ill this temple they offered to the (jckJ ilaiiii, ihii Ijord of Heaven, 
their prayers, llieir hornt-ofTerings^ nieul-ufferings^ pind fraubin- 
cense. They worshipped htin with uiitlividefl loyalty. There in hero 
no I nice of their having turned away iii any manner tow ard the 
gods of Egj'pt, When their temple was destroyed they mnunuMl 
in sacbclotfi aiui with fasting; they tmil no cotuicenitcfl place where 
they could serve their God. niid in touching words tliey pronounced 
I heir gnititudc to the man who could perhaps procure them the pos^ 
sibilily of rehuilding their temple, premising, with their wives nml 
children, to pray to their God for him, a Zoroftstrian* 

The Jew s enjoyed the pretcction of Darius, Xerses, oml Artaserxea, 
t/iider their rfigimo they Imd led ft peaceful imd in everv respect 
soti^fact^ir>' rxistenre, and U was only when Arwame^s ilio Persian 
governor* left the country to go to the court uf the King that a 
oouspimcy of tgy^ptiftii priests and Peman sidxirdinate ofRcials 
siicreeded in dcHtroying the sanctuary of the Jewish community. 
But the reaction whidj soon followed mid the punishment of the 
evil doors seems again to hove been the work of the Persian Govern¬ 
ment* 

Tima ihesc docutnftnts slvpw imcw tlmt the policy of the Aeho- 
mcniUea wos fuvortible to the <Tew& Cyrus gave them periJiL»ioa to 
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return. ITiiiler i!jp Cjjmbvi^^ tlu^ templets uf Kgypt were destroyefJ, 
but the .Tewiisb tcmpk in Elephantine was sparerL Uuder Peman 
rule in E^^ypt the Jewish comiiiiinity was aible thert* to erect uni! 
maintain a maprnifti^ent house of tjiocL When the Perstun ^rovernor 
left the country, the enemies of the .Jews, Egyptititi priests and their 
allies, stained the upper laand ant] destmyciJ and pj1k»jed the house 
of Goil. And aguiu it wns a Perskn, the governor of Judea, to 
wdioin they turned with a petition for redness, after tiic hifrh priest 
of their own natiuti and rtlifftou in Jeriu^nlrm, .fehobanan^ had 
ignored tiieir j>elilion. (Set* Dia:timent T, line lOj 

When Jcreiiiinh prophesied to !iis coimirymeu iti Ejz^'pt of their 
extermumtion through sword* famine^ mid pestilence (Jeremiah 
XLIV^ 11 ff.)i he iiitifiiated in one passage at least ihut they longed 
to return to the fiitherhind. (fJereininh XLTY, 1J : that they should 
return into the laud of Judaln to the whidi they have a dej^ire hi 
return tt> ilwell there Such a loiigitig can not be discerned hi 
Lhetc |aip3Tiii4 documenls, hut they show how the Jew’s of Klcphmi- 
tiur, when troiihk Ijcfell tliein, tiimcHl their eyes in search of lielp to 
Palestine, to the high priest in tieriisjilcm^ and to the governors of 
Israel and Judah appointed hy the Persian (Tovernmenb Tlie^' 
iiiyat, therefnm have Ijeeu at that lime without influential protecton? 
ill Egypt itself. 

The language of the documents is pure Armriaie* as pure ns only 
such uioHikl Araiiiiiic writers us Aplirmites, Ephnieui, und Xarses 
write. The dnte of these documeuUi is important for the early his¬ 
tory of the Aramcans* which> fuitwithslaiiding alt researches, is still 
cil>sciiiv. These documents are valuable for their dialect, which in 
tills early jjeriod wus clnstdy okiii lo Hebrew, and also for the light 
they throw on ihe history of Hebrew, yiy impression that Ilelirew^ 
for tlic Jews in Elepliantine lu the fifth pre-Christian century wiis 
at ino^i anl\" the lungiiagc of the ciiltus and sacred writings- That 
they wrote their business documents in Aramaic may have iK*cti 
out of ctULsideratioii for the government authorities U-fore whom 
the uflairs hatl cveutnally to hy tniusacied. I hit if they ako com- 
fjosed their lUirratives and pmUry hi Aramaic and not in Hebrew, 
IIS ihest* papyri indicate, tiie c«juclusiim would lie that Araniuic was 
certainly the vernacular amuiig lijeio, the langtiage of old anil youngj 
of man. woniain am] child. 

The excavations in Elc|>liantine liave etiridicd tlie Old Tc.stament 
with a new and sigiiiflcaut chapter. What will their eontiiiuatiuii 
bring to light f As to the fact that they uiiist ht^ conitiiiui^l, there can 
be no f^tiestion among the friends of the Bible and of antiquih^ and 
it is to Ih» h(}{>eil that there will bo nu lack nf funds in the pn^nt 
dji_v when all are -srj enthusiastic on the subject of excavation in Bible 
land-'i* 
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THE PEOBLEai OF COLOR VISION/ 


Bj? Je 3M?« M- PAwr, 


Tlip problem of color vision is one of tbe most intricate which th« 
biolojrbt b u:iikeci to isolve. Tlio following lianigTaplis are intended 
to indicate the several methods which are Ix^ing employed for its 
i-olutiori* together wiili some of the rt^nlts thus far obtained. The 
anatomy of wlor vision will lie eooHideL-i-il then in turn its 

phji-siologj^ and its development; ami finally, the abnormal conditions 
uf color blindiic!^ together with the thegriea of normal vision to 
which tliey have given rise. 

Auiitamy. —^The iiiecha nisni of color vision is Ltnlged in the rtai and 
the cone cells. \ ray of lightj, after passing throitgh tlie letL^ of the 
eyo and its vitreous l«Mly, penctnites ssjveral layers if the ivtina^ thus 
lUTiving at the proximal ends of llie elongatecl rotl and mm cclL, 
Theise sells are arrangtal in a siiagte row. The light traverses the 
length of the oell-s to their distnl ends which it stitiiidaLcs;. The rod 
and eotie crellH projet^t against a single layer of heavily pigmented 
cells, the itfrafMm pii/mtjiti (Fig. L S. P.) These have non- 

retractile proces^ses which are found lietween the rotls and the cones* 
Tile pigment fust in, in the form of elotigwtcd or tryslnlloid grannies 
migrates into these processes when the eye is illuminated l in the dark 
it is withdrawn into the? n^ll Ixxly^ 

Every red cell consists of a rocL a rotl fiber, and a nucleus, arrungi^d 
as shown in fig. 1, A* rod. which is from 40 to oO ^ long itnd L5 
to 2 iL in. diameter, consist of a doubly refmetive* lustrous outer geff- 
meiit. and a singly refractive, finely granular murr geffment. In 
serum or dilute osmic acid the outer segment breaks into a Series of 
regular transverse disks which are Iwflieved to indicate a stratlfieil 
structure in tlie living rcHls* Visual purple is a pigment which ocenra 
only in the outer segments of the md.s. It bleaches rapidly in the light, 
but (unless tbe pigmented stratum bos lieen rejrjiove<] ex|M>riiriental!v^ 
it is soon restored in tbe dark. Light thus appe^ars to incite chemical 
process in the mater segments of the rmls. Tlie inner segments are 
sometimes d^'seribed as having a longittidinally filirillar stnicture in 

»nerf^nTt^!, Uyr nennlsKKoa, from ti»- Niitamlifit, Vol. StJ, 

^8ts, Jrine, IJHIT. 
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ihf'ir outer portion!:. Tlie oppasiti! ends pass rather jibniptly into the 
very slender rod filjers. Each fiJjcr K^mewhere iti it& eotirse expazids 
to inclose the nucleus^ and fisnUly teniiiimtes in a pyriform enhirge- 
menL Tlw nucleus in preserved s|wcimerLS may hove its- chrfunJitin 
nmiii^d in a few broad tmnsverse bands. 

Every cone ceil consists of a conen a cone fiber, and a nucleus. Tlie 
cones like the rods divn^ible into outer find iiuht segments. The 
outer segment b Usni&lly shorter than that of the rod (12 p) and 
lapiTS snniewhnt tn its routuled exlreiiiity, IL never eontains visinil 
purplCi hut olherwlse^ as for example in breaking into tmnsverw 
diidcst it resembles die miter segment of tlie i^xl. I’tie inner enno seg¬ 
ment hiilgi*s like the ijncly fif n flask. It is divided into an outer, 
Zozigitudiimlly Hbrillnr eTNpstoid portion^ and an inner c^oidnictito 
}Ht^oid portion. Tlio noncontractile ellipsoid is said to become 

strongly eosinophilic 

9«L «/ Hcd.ai. S,p. in tht.dark. 

^ of the nR'oid sulj- 

stance the cones, un¬ 
like I lie riHls., may 
alter their lengtin 
The TOntnictility b 
^i<l to be ill man 
than in the pig, and 
less in the latter than 
in some amphibia nnd 
&d'ios where the myoi J 
segment is roi^ortcd to 
shorten from iiO p to 
5 p* The nuclei atu 
found in a mass of 




riO. L—4, 4441^0111] i>f humui umI And! conii ccIIjI CniEa 
tfic p4lt nr ttif rrUnL flj. croc wUi fn™ tlic 

ffiTva. drawp ttL« uuji iwalv; 


proioplflh-m near the basfi of tlio oonc; Lej'ond thn iiudciia tlic |iro- 
fonns a cone iiljcr whicli is tbicki^r thnii thut of n rml and 
'vrhk'L ends in a bmni'LLHJ utid PApandoJ ba>ip, 

Tho stimuli tncpivwl by tlit; nutfr wgmcnL*i of tho rods and rones 
an% trunsiuitted tbrrmgli thi-ir fibiTs to the nerve cells of tiic retina, 
and them.-c to tile briiim A swingle retinal nerv^ wll receives the 
stimuli from several tchLi and cones. 


Since reals and t'ones an* btilieved to have different relations to 
the [jereeptbn of color, their distribution in man and other uuimala 
sIioitIJ Ik* signdiennt. In the jwriphenil portion of the hunmn retina 
rods are in excess, so that in soctione three or four rods upi>ear be¬ 
tween every two cones. Xear the deinewdoii, or faiva, where vision in 
most acute, rods ami cones an? ifpially almndant, nod in the fovea 
itself utd^' coiMja are found. These cones, however, are strikinglv 
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PROBLEM OP COLOR VISION—DANK* 

rcKl-]ike iu form* * uritj gtfiitly ilie rculs in kngtli. {Fig. 1^ B.) 

SIcndi'F al-so foijud in the thickened area central.k which in 

many mfimmals replace the himiaii foven. 

In the appt horf«^ pig, cow, .sheep, and dog the rod-s and concJi are 
similar to those of man* In rodents which avoid the light the cones 
are very small and hard to detect since their inner segmenis scait‘i?Iy 
ditfer from those of the rods, from which they iiiiiy be disLingtit^hed 
by tlieir mpeh shorter outer ^guieiit. M. Schultae at first questioned 
the cxisteucr of cones in the iiiouse, guinea pig, mole, hedgehog, and 
bah Tlie cat undoubteflly has concsj but they are Ruiall, slender, and, 
except in tlie arra^ infrequent*^" • Birds liave a single or double fo^ ea, 
like that of man* Cones are ts^mall but very niimeniiiiSt and in their 
inner segments they often contain a drop of oily substance^ either 
colorless nr various sliades of yellow, green, or reth FixKsnrnably 
ihe>5e drops, which are absent from tlic rods and ijorne of the i'oncs^ 
exert mi important inJhience upon color perception. In owls the 
bright colored drops are keking and the cones are said to be fewer, 
Some reinilcs have fovea'; twt> kinds of visual cells are repurted, 
neither of which resemble* tlic mamniaUan rods, IL Scbultze be¬ 
lieved that reptiles have only coties. In fishes and amphibia, both 
rods and cones occur j in siune shork*^ rays^ and eekn, however^ the 
cone* so resemble rods tliat they may be overlon-ked, Wliethcr or not 
deep-seu fishes arc without cones is apparently uiiknown. In the 
various groups of animals the rods and the cones each present modifi¬ 
cations of structure* with which as yet physiological observationa 
have not been corrclatf>dI 

rMvsioiJCJCv, 

The physiology of color vbion is the study of the functions of 
the rod and the cone cells. In passing firoin a briglit to a very iUm 
itlununatian one exjwriences a tnomcntari' blindness:; Eifter Im^l-oui- 
ing accustomed to the darkne**, a mo<lificd form of vision is re¬ 
gained. In this twUiff/it riitiofl Uie fovea is far less sensitive to Jiglit 
than the more peripheral parts of Llin retina. Moreover all ol> 
jects appear in shad^ of gray. The spectrum is bright but colorle^, 
and its brightest part has shiftefl from the yellow portion toward the 
blue. Von Kries has explained these facts by assuming tliat the cones 
arc the agents of day vision, and the rods of twilight vision * CoTies, 
exclush’cly, occur in the fovea where day vision is most acute; and 
rods predominate where twilight vision is at its best. The fluctuo- 

^Thn (iiuoiatleu, Afiiii giucIj of Uils Dccouat of the retina, is froni Von Elmti^r's 
rC^soiu^ In KoPiliSker'* Hnndbnch dor llowetH^lLaire, 1002. vol, Rp jjp, 

* Voa Krkw preecitifl tliUt DupltsUtniHthDoHf? In Nfluere Ilanill^iiea dor Fliyslok 
eprtu. vol, 3, jjfi, 
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tioijs ID the visual purple of the rods isliow tliat they I'espoad to the 
var^'ing intensities of dim light, and this purple h knovrn to disinto- 
g?ute inmi rapidly ih green ligtit which appears !>rightest iti twilight 
vkiou, IMietlier pjr nut the bleached rods ure active in day viejon 
has not Lkm^ii ileterinined. 

It is pPfdjable that all cones do not respond to color stimuli. In 
tile {jeripheral j>ortion of the retina there is a partially color-blind 
n^nn where red rind green ean not be difitinguished from one an¬ 
other, and the outennost iK^rtiuii of the retina is always totally color 
blind* i^ince cones occur in these areas tliej also muart 'be c?olor 
hlijid. From tliese coDs^iderfitionij U is rcasonsibly assumed that, iu 
human vision. t!ie ability to i>ereelve colors depends upmi the differ¬ 
entiation of certain of ttie cones* 

Since ut the preHcnl time the nature of vision e^ati iiot be deter ruined 
by tlie microscopic exa mi nation of the retina, a ml since a very ofii- 
cient vision may exist without t^olor ijerception, it may fairly be ques¬ 
tioner! wlielher the lower iinimals an' capable of color vision. Tiie 
hiologicaE iiu|ionance of tliis problem is very great, fdnee pi-evalent 
Lheuries of the developiiient of the colors of flowers^ and the bright 
plutnage of male birds, assojiie a color i>erceptioii in insects and fe- 
male birds essenrialJy like that in man. To Icam what a bee aetilaliy 
sees has 1>een thought impossible since it requires that one should 
possess the nervoug sj'steiii of nn insect ami still remain a mam 

Theni is a large literature dealing with the distinctions which 
the lower animalH make between varioijs colors?; hut the factor of 
imcnsity or brightnes^^ Inn? siddom stitiAfaetorily eliminati-d. 

'File trous Ikherman in contident that one Mu at leastj diserimi- 
nates colors with precisiniu Careful experiments with the chub, 
by feeding it from colormi forceps and taking certain precaiitiourt 
to eliminate lirightnessf, imUeate that the chub disttingukhea red from 
green niul froit^i blue.^ 

Nagel, who is convinced that the phetiumcria of mimicry and 
worniug colorH demnnd color vision in animals, c-xperimeutefl with 
the dog^ After taking preeaiitions to eliminate b right ness* he proved 
that the dog perceived the difTerence between re<l and blue, blue and 
greeiu and red finfl green*^ 

Kinnanuin tested tlie monkey, Jfaca^?iw rA/'jUfA. Its food was placed 
in one of sis receptacles, precisely alike except that each w^os of n 
different color* When the monkey had learned to choo^ correctly 

■ VVEialihtitn, SI, F.* uml Hetitipj, 1, \i, 'xij^h f^tahUffiaracifit of an uRfiedatlon 
tllv^plvln^? cet^^f iHi^rluilTuitinri In xhv creek chnh. Jniirti, of CV>mp. Neur^ 
wL 10, la*. 

• lUni^KtU. !■aau Nngi^li W. Vp-rpu^hp UtMT dte vcTschloi^c- 

Eipr Ktrablnirluii mit nml 'ni-raaeon: FeatBclirlfl: fler Aiaert-I^ndwljfn- 

UiilveniUat La Freiaurg* lO0&. 
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lilt food •Collin in iiig « dilTerent eoloi’ wiw sclcctetL Thus llie 

inonkty learned to at once to the rftjcptiicle with food, 

B'hcthov it was blue, yellow, red, or green, It was tested also witli 
a blnck uiirl light gray glo^ Having IcanitK] tliat the food wns in 
tlm fotmer, sncecf^ively darker grays wore substituted for the empty 
one. The pureeiUagv of wrong choices iiicreascfl nnd U was frnjiid 
that gr!i 3 ’,s were coufiised wbidi the Imtnati eye can distinguLdi with 
perfect ea,'K and certainly. Kinnaman concludes lliat ‘‘ there can be 
no ilonht that monkeys perceive colors.” Two colors of (Kjual bright- 
fiei*, ore dintingnished better than two grays of equal brightness; 
find though the brightnesses are the same, colors iiiny Iw riistinguished 
from grays.'' 

Tn the dancing tuuusc, however, the cones of which are at least 
very rod-likc, Yerkes has recently found that t^olor vision k extremely 
poor. Tliere ia some evidenoo of discrimination of red and green, 
and of retl and blue, but none whatever of blue and green. Ap¬ 
parently such visual guidance os is received results from differences 
in brightness. The mouse discriminates blacks, grni’s, and whites,* 

Because of tlie inherent diflicuUieH in the investigation of rotor 
vision in the lower animals, comprehensive results have not vet been 
obtained, but the newer metlKxlK promise notable discoveries, * 

OEVKUirsiEKT. 

Since color vision is a complex differentiation,,it might Iw expected 
IhiH in the (xiurr^ of development an individtiai should successively 
jia-Ks through the simpler stages by which it was acquired. Anatomic¬ 
ally it haji beai shown that the retinal lavers first liecomc distinct at 
tJie cxjnter of the retinal cup, and that the differentiation of the retinal 
colls dec reases from tlie center toward the periphery. In tiie chick 
it is said that the cone tiudei may be identifieil at an earlier stage tlian 
the rtal nuclei,' but it is not generally rocognl^pfl that one form of 
visual cell precedes the other. 

Tlie development of color vision has lieen iheoreticnlly considered 
hy Ijadd Franklin.^ Her theoty assumes thal the colorless 
sensations, white, gray, and black, are caused by a primitive plioto- 
chemical substance called the gray substance, which k composeKl of 
ntimeroiis gray molecules. 

<* Ktiuiamaii, A. J. Xtcntnl life at two Itncacna rbeeiin nionkeve in mptlvliy, 

Amer. Jonrn. of Payeb.. IWtt. vol, ta, pii, 

» Verkes. R. M. Tlie ewDBo of vlsioa lu tho tlandn^ tnoiiM. Jonrn. of romo. 
N(?iir.+ 11^7, ™1 h 17, p. IfH. 

^ Ah W ^ finil W. Hn of tin? r(}li}iii. AiiM'r, \at 

tntWI, vf4, -10. pp. ' 

'I Fraiiklln, C. On tlici^rEu^ of Ni;Iii AllmS. ISMS, ti, vol 

(1]^. 173-1^- 
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These gruy molecules, which pei^sist in their primiLiYo stnte CpUly 
in the upon di^-ssocitition fiuTiiwh us with the gnij seiis^a- 

tiom% In the cones the molecules have imclerirone n ilevdop- 
ment such that n certain portion only of the molecule bceoiues dis- 
ia^^f^jciated by the urtion of li^ht of a i^iven color. 

The differentiation of iJie primitive gray mol^uk is suppfisetl 
to have taken pla(.^ in thrw stages. (Fig. 3.) The stage, is 
represented by the tdmple. primitive gray molecule^ so emnstnicteil 

that it k disintegratail by tight 
of any color. thiJa piotlticing n 
gray or white sensatioin In the 
se€on<1 stage the molecule is 
more complex and contains two 
gimupinga, the dis«tssociation of 
one of whicli gives itie sensation 
of yellow and the disassoeialion 
of the other gives blue. The 
simiiUaneoiis disassocialitui of 
Ijotli giv'es white. This stage 
persists iti the peripheral por¬ 
tion of the retina whei^' neither 
greea nor red can be perceiveci 
as such. In tlie third stage the 
yellow grouping is divided to 
f(iiTn two new combinationST the 
disDSSociation of one of which 
produce* the setu^ation of green 
and the oilier the sensation of 
reth If the red and green 
groupings are disa.^^3€^iatcd tch 
gether tlie resulting sensation is 
yellow: whereas the siniulta- 
iieous disas^-iation of the red, 
green, and blue groupings pro¬ 
ducer the white sensation, 

Schenck* has somewhat ex¬ 
tended this theoiy by describ¬ 
ing the derelopiuent of the primitive gray niolecule. Since in 
tvviliglit viinon the red end of the spectrum is and the green- 
blue p<irtinu is its hriglitest part, he conmderu that the photo¬ 
chemical substance of the rods is attuned only to the green-blue 
tight, which is i>ereeiveil as ecslorle^ Ijater this photo-chemind 
fiubstauce becomes sennitIwl in two fFtages, firyi to include tlie 
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FJC. 2. — pm^grain to iJlEuitfaiP thf FtmtLklln 
lliiwtj, Tliff blu#, Iffftra, Hiid rf4 ffroiTp- 
Ipj^i mf* rtpp«#ntftl An nuEer^ middle, 

AHcl S-MW cirri? rc«pcctlTisl]f. lHn 

iiai»fJiEi$d in»iipl!t 3 £i Atv omitted- 


‘Sclwnrk. F. IW 41e pliriUolDctiH!liiitt firuiidlaffeu de« C^rbenslnnJi. Stt*,- 
tier. il- tienwll, d. Natiirw, a. Marburg, loUT. InlirK. lUOO. pp. Ifta-libl. 
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preen-yellow, and then the yellow-red. whieli however are still per- 
('PTvrd Hji rolorltNV liplil. TJuls a gray molwiile like that of Mrs. 
Fratikliirs Jirst stage is i^jnsfrlifted. It occurs in the I'nlor hlirni 
jinritHierul toiieii. Tlie formation of vtjlor-reactiup proupings in 
the partly sensiti 2 sed pray iniilreule leads, acoorditip to i^hen^, to 
those fortn-s of human vision in which tlie red end of the spectrum is 
shortened, 

OliscT^ations upon the color perception uf yonnp children <lo 
not support these developincjitul tlieories. Holden otid nosse" 
two hundred ehiklren hy placing Ijofore them setuare picrest of col¬ 
ored paper iiltiichiHl to a gray Itiickgrotitul of similar hrightness. 
If the child made an effort to gresp the s<iuare. its tmlor must have 
been [wn-eived. It was fotiiiti that the average child would read 
to all colors by the tenth montlt, tlio red end of the spectrum causing 
response n Jhtle earlier than the violet end.* IVhen riblxuiB of six 
spectral colors were placed Iwfore children of from seven to twenty- 
four months, red was fielccted firat: orenpe or yellow second ami 
third: and preen, blue, and Wolot last of all, Xapcl “ sliowetl bis 
chihl of tw'ontj-oipht moutlis each of the s;)ectral colors in vatying 
degrens of brightness, at the same lime teachuig him their imines. 
Red and green were learjnrd easily, but blue wa.s iu'quired with greiiler 
difficulty than any other color, including violet, Green, violet, and 
ml wen? preferred; black, yellnw, wliitc, prity, and bine had seiond- 
aiy rank. Other esperiinfiits with the color perception of children 
have given different results. 1: is clear, however, that chiklrcii ara 
not known to pass fnim a color blind stage, through one of velh>w- 
blue vision, to a discriiuination of all the spectral colors. No race of 
men now exists in whidi any of the colors is unknown; and the notion 
derivixl from studying the color terms and references in ancient 
litorature, that mau in historic times had n ilcficieiit color setiae, is 
not xiihstantiated. It may be that, as iu diildren, the red portion 
of the .^|K>ctrum was preferred to the blue, but even this is not estab¬ 
lished. 

COLOn ULINDSKSa. 

All the colors which are nonnnlly, perceived may Im produced by 
combinations of the apretral re<l, (^n, and blue. Normal vLsion 
is tliLwfore trit-hromafic. Sometimes in trichroruiitie vision the ml 
end of the sjiectnini is shnrtenefl: in other cases u mixture of red 
and green, which to normal pereons appears pure yellow, may seem 

HrtTfli’n* \i% Dcd K. Tiiu nrUi^r fif (Ipvclopiuttit iv>]i!i’r 

pen.v|Jt(^>Ti nml color prefere-mge In the chlliL Arch, of Ophth,, luOu, ™L 20i 
pp. 1 ^: 11 -27T. 

W, A. Ol>nei^-ntloii}i on tho color sense of a ctllW* Joum. cf Comp^ 
IIMj, TTol. Jt;, PII 4 211-230^ 
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l-irigicd willi red or Thus thtre tiri‘ VAriALions iti Lrichroniatk' 

vidofiv Citi?flter ubnoriiialitif's limy tiiki? the form of dk!/irf>/fwfie 
mill fiH>nOf^iir(mwlir vj^ish^ The I niter is ii rtm^ piilhtdo^iiNil rondi- 
ilm% in whieh nil coloni nre perL-eived ss of one; vihioiu there- 

furs?, is f-*ienltiiny wlorless (iidi.roEnatic)i, tlie iimiges obLnined lieitig 
eunipiirEible \\dtli photogiTiphi^. Iti ilicliTonmtic vision etilur j>eit‘ep- 
tioii is so iimitecl ihnt all of the shades pereei^ed nmy Im* indde by 
combinmg two of the jijjeeU'jd wlurs rml, given, nnd blue; Ijliiifb 
iiesvs to the thini of these irtilors nijiy bt^ pnrtiiiL or romp let e. l*hc 

ordimtrv c?olur hliudiiesi^ is Jichronialic. Fortv men ami four women 

*■ ^■ 

fHT thousand are either wholh’ unuble to jwrreive oertaiii eoloi's or 
can riTOgnijM; them only with difficiilty. Tliis <]efecl is iisnnlly con- 
genital and hereditary. It may cain^ so little trouble as to pass onde- 
teeted tiiiLil the age of seventy. All atteinpU to ovrrcnune the color 
blindni*jifi hy edmmtingihe color sense in various ways bave failed. 

Sifiet^ diehroiiiatic color biin<lncss plays s<i large a part in the 
theories of normal vision, a portion of Doctor Pole's description of 
his own case is here inserted. lie i^&ys,'* “ In the first place we iisCO 
white and black iinfl their intenn^^n'llate gray* provided they are free 
from alloy with other colors* precisely as others do. (Such state¬ 
ments are l■oli^i^Iletl by ihoiie wdio are color blind in one eye, the other 
Ixdng norma 1.) Secondly, there ore two c^olors, namely, yelloAV and 
blue, which also if iiii&lloyrd we see^ so far as can lie nsccrtidned, in 
the normal manner. But these two are the colorti of wldcli wo 
have any M-oisation, It may naturally be asked: Do we not see objects 
of oiher eolors^ nneh as rtt^ gm.^^ violets, oranges, and so on ! The 
answer Ls that we do see all these thingb^ hut that they do not give ns 
the color semsation corm:tly belou^ng to them; their coioJ^ appear 
to ns as varietiiiHj of the other ookt sensations wliich w'o uto able to 
reccivtv Take, for example, the color red. A soldier*s coal or a stick 
of sealing wax conveys to trie a Viu^ jmsitivo seuB-ation of color, by 
which 1 am perfet^tly able to identify, in a great iiuiuber of instaiici?$$, 
bodies of this hue. But when I evaminr iimrn closely whiit- I really 
I at!L obliged to coiicltiiie that it is simply a modificatinn of one 
of my oEher setiwiitions* namely, yellow-. Tt is in fact n yellow shoded 
with black or gray, a darkened yellow or yellow brown.'^ 

DichniriiatiE^ vision octmt^ in tbre*' fonus. in two or which red and 
green are nol ilifieivntiated from one another. The tlms? forms are 
named protanop'ut, fhutirrdnopmy and tritan^pift^ respective!v. In 
protanopia Mie rt^d end of ihe spectrum h shortcnetl; tliat is, a ijortion 
which to the norm a 1 per^ii is red appears black. The remainder of 
the red* the orange, thi? yellow, and the gretm apjiear as succi!!S^ively 

• l-ele. U-. CiUor BMoiiiiesfl la mlMtloo to Ihe ttonierlc for i^lor. 

Nature, ™l IS, n*. 07 tMiTU+ 
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lightpi' Ehadeyii of yeJUiw wiiiizli* towurcl llie'bhie^ or 

white. Till A white >:hfldes into blue, whicli decjwnft toward the violet 
end nf the ii^peelrunL In dtititenmopia. wJiich is tlio normal ^-oiulitiDn 
of [1 peripherfll zone of the retina, the red of the spectrum is not 
sliorlenod. Ren.], nningts yellow* nnd gi-ecn appear as ligiiter shmles 
of one color, called n'd or yellow, aJid shade into a white or gra^" band 
whidi is ii Utile nearer ibe red eiid of tbe spectriiin Ehiin the mrre¬ 
sponding blind of protonopia. Blue is perceived iiornially, IViUin- 
o[)ia is ji rare form hi wbidi yellow niid blue are not reragniacfL The 
spectrum presents red and green portions, separated, by ti white Iwmd 
in place tif the yellow, A dark i^reeri is seen in place of blue and the 
violet end of the s|^ctrnni is shortened. 

TliE(.>BIES OF OOLOH VISION, 

I'ertnin features of color blindness nro ingeniously e;cptainei1 by 
Itering^s theory, illustrated in figiire 3. It is supposed that, the 
COHOS contain it photo-chemical aubstatico whidi is disassiK-iated by 
rod niys* hut which is hiiiJt up by tlie green niVH, givdng rise re- 
apK^lW^ly to tJip seiisationp^ of red and green. A second Substance 
is broken down by yellow and built np by blue light. Ehoivii 
hi the {ignre, tirange is a mixed ^'nsation due to the siiimliaiie- 
om piirliiil desstructinn of rtHl-grcf^n and Uio yellow-bine subiritances. 
’\ellowigh green and greenish blue are likewi.se miiture^s Jitid dokt 
iHsuppoi^d to combine thepiirtbil couslructionof tlicyellow-bluo with 
the desiruction of the red-green, the latter lieing indicated by iho 
broken line. There are four pure senGatioiis, ml, yellow, green, and 
bine. Color blLtidne^ may l>e due to the iib^'iux' or deficieney of the 
red-green substance (protanopia and deuterariopiat the two fornu^ 
indiig varieties of u single type), or to luck of the yellow-blue snb- 
stJince (tritanopia), Hcring further eoiLsidercd that there wiis a 
white-black substance^ built up in darkne.^ to give rise to the sensa- 
iion of black, but destroyed in vnr^ritig degree by different cok>ny;l 
lights, lhu5 giving white. In monoclii^imatic vigioji the retina con¬ 
tains only this w'hite-black siiVjstance. Tlie curve w of figttre 3 sIuiwh 
that the muxitnnni stimulation of white is in the yellow portion of 
the spectrum. Without considering the difEindties concerning the 
wduie-hlack hypothesis, it may lie qiie^tioneil whether both construc¬ 
tive and destrijctivo cheiniral processoisi lircMlttce color sensations of 
sitnilur iiatnrfs I* raiikhn consideretl that her theory was sup¬ 

ported by the fact that the color seosalions were all chemically 
destructive. Tlcrings theory, jnoivfoverT enUa for four priniar}' color 
sensations, Avheress physicists recogtiize that only three are necessary. 
Accordingly the pliysicist Young proposed a simpler theory ante- 


6^2 AXTCPAXj ^EPOHT IlfBTlTUTTO:^?, lEMyr. 

daiijig that of flering. It advoented hy lTelmholt3L, and is 
generally known as5 the Tiling-1lelniholtz theory. 

According to the Young-Ileiniholtit theory there ai'e three plioto- 
cheuiicdil RubstanceSj reJj green, nad bine, reapeetivelyi which are 
stlunilated by the various ra^^s of ilie spoctmiri ait showf] in figure 
4. Abi^iice of stiTnultition produces blacky and the simuUaneouift db- 
a^fisociation of all three yields white, Protanopia interpreted as red 
blindness^ due to deficiency of the red perceiving substance^ Dcutera- 
nopia is green blindness^ and tritanopia is blue blinrtne^ Since it 
would appear that the perception of white must be lo&ft with the 
dLsapptairnnre of one of the three elements^ the theory has been vari¬ 
ously ri^oilined. In protanopia the red and the green substances may 
be so altered Utat each reB[3onds hath to red and green light (Fkk)* 
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Flo. a,—Dlftiffiim io IlLiiiitmii? HptIuje'b Iheci^y of folfir vlaleiL Th<r red- 
fifffvt] «e]1hCilii«Ik f-(t, n vtrtkiiaj abided; and tb^ yeHo^w-bluv irabfftiLni^^ 
li traiu^nalr ihiulQd- 

or the red and the green siilistances may be imperfectly segregated, 
as assmniHl hy Mi^. Frank! in*s theory. The close relation lietween 
the red and green tniliRtancos^ h shown in Koenigu jn-csentatian of 
the Toimg-UdmhoJt 2 theory. ^Fig* 5*) The absence of either 
wcaild give rise to somewhat similar conditions, such hjs occur tn 
pTotaiiopiai fl.nd deuteraiidpia^ The figure indicates that in trtclirch 
made rision^ the colors fiom yellow to blue affect all Llu'ce sub- 
SNtfinces to a certain extent, thus adding a sniall nmoimt of white to 
the color m^nsiition. Tn dichromatic vision the mixing of the two 
elenientjs yields white. In case the rerl siiljslnnce is absent this 
white will appear neorer the blue than in ca^5c the green Is absent i 
its position is indicated by the intersection of the bine with the 
green and red eLirves* respectively* In the ab!4enco of the blue 
snbstancts the w bite band is near the yellow* This accords with tiie 
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cikservations upon the color blimL Tlie Hli«eooc of the giecn Biik 
bfatiee would not shorten the specsbut Uie biok of She hnJ or blue 
wmilil cuL off their respective eurR All of these fetituri&i ere equally 
well explained if, instead of the uljflence of one of the tbrt'O sub- 
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stancisi, n miHlifiedtioii of its miction is assumed as w*ould 

be illustnited by o latei^l sliiftiiij^ of its curve iti llic diagrniii. Thus 
in red blindritjss the 
red curve is shifted to 

co ver niore elos^dy tlie ^j|ff||i![11111 1 11 ill I llllllflltlllnil il . 

lerriton^ of the gt'een; ^ 
in grrjen blindness the 
grfH?n is shifted tow a ml 
I he and in tho ^ 

blue blindncis^ the blue 
and gn.^n curves are ^ 
brought together. Thus 
in Uie color blind all 
three sabstnucew are Fm 
jiresent but in modified 
form* Since this mcHli- 

fied Young-HelmholtK tliwry accords so well with obserrntions ou 
color blindness^ it is gimerally coiiHidcml as the most satisfudory ex¬ 
planation of color vision. 

Ail intens^tiiig alt€^pt has been made by Patten to bring this 
theory into relatiou with sEriictunil glcmeuts in the coiics.^ He lx?- 

lieves that the 
visual cells of 
in vertebra tea 
are ehuractcr- 
ir^ by II Bk 
r i 11 a 1 1 o n 
which is trans¬ 
verse to the di¬ 
rect ion of the 
incident liglit 
waves, and 
that the ten¬ 
dency of the 
V e r t e b f a I fe 


Fioii ft- 


-A mcnUAnl iJlBgruD of thi^ VpupjfUtelmhqUx tbwr?, aftf^r 
Koisl^. 


ro(lR nnd cotiw tft wpErsite into iraiisversc diiiks is eTid^iiceofn similar 


Hlrtictufie, Many hundreds of sutb fibrils luny esist in a rod nr cone, 
'riiey are not Kiijtposed to TibmLe like tense strings, but to act as “ coti- 
ductons or resonators,” a fact which would not exclude chemical 


" Tvnttti. Vr. A ttfiMjii tni- a theory of c<i!or TleJet), Anaf. Nat, iSOS, ml, 32, 
Viu S23-S3T. 
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diatigi^ rct^iUtirig^ in fmigin;. The* long fibrils rc^iponcl to the rtKl ond 
of till* siM^utrnm jiud the diort ones to the hliie^ In luds the fibers tire 
cif equal length and only monochromatic vision is p<r^ib1eT hnt in tlie 
cones their varring length alhnvi^ a range of color pc:n.'eptiiOn+ Any 
variatiOD in the form or dhnensEiotLH of the cones ivnnlri bring aboiit 
cori'eH]Xjtiding changes in vision. The iticreii.^ length of the eones 
fit llie fovea providt^ for a greater |x>wer of color de^ri mi nation. If 
the base of a cone were absent or cylindrical it ivoiild be retl blind. 

This theory is illn^tratcfl in figure 
ik Un the riglit is the dijigrain of a 
cone Jiiu! its fibrils; tlie hilUir nidi- 
ate from an asinl fitament. the ex- 
i-stence of whiob hio^ iHaoi tHscu^d 
and denied by other invcstigiitors* 
The fibrils in ihe right Imlf of the 
cfliic tire drawn iia responding to 
redt yellowiidi and violet 

light; the Vouzig-llelinlm]t±^ curves 
are diovrji on the left. In nonpolax- 
ixed light nil of the fibrils in a tran.^ 
section of a cone nsfxind ntd- 
fonidy, I Jilt in pedariaed light only 
such are affected ns are imlii'aled in 
the cross sections on the left of the 
figure. Thus the dullness of polar¬ 
ized light is explained. The cor¬ 
rectness of this supiMmtion, as 
Doi^tor Patten states, w-ill be deter- 
inincHl by extensive nieahiiremaltts^ 
much more accnrflt4' and clctailed 
than any heretofore inade^ of the 
visual elements m all clnsses^ of 

Fji 3. DliijtHiEfi 10 lITttttFnto the ttjjk 
txwttl (lliriElAr fetrurtiLrp of biinuib 

fvpnt. him] ii^p liny tft wiiich ffirioLu It Will Ijo notcf] that according 
ii*j« ™ .Br«, tu Kranklin'B 

theories the mechanism for reiiction 
to all the cfibrs may exL^ in a single cone. The Ilering theory cnHa 
for ihe mirtion ta 'M least iwn colors in one cono; but, according to the 
i oungdlelmhohz thcoiy, although the three substances could exist in 
a single cone, each h decJarc*<J to exist in a cone by itself. Tlii^ is con- 
to be htrongly Ui fnvoi- of viiliditv of tl,*. Yoimg-Holin- 
hohz tbj^ry. fiin™ phj^iologi^tB fiii.1 no instnne.* in which dlilGi^nt 
sort s of impulse conveyed over o ^iven tiorve filx^r, it believed 

that a single ^e fiber can transmit only one sort of color sensation. 
TIk. st.nml, of the reil. gtwo, and blue cones rns|iecUvdv anppa*^ 
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to be gathered by sejiftrate werve eetls of the netiD^i. and the optio 
jjervc consequently conteins oemin fibers transmitting only red,greent 
and bine sensations respectively. Tlie mixiug of the sen&Ations, giving 
rise to the pcrceptian of shmles and tints* is therefore nceoinplislied in 
the brain and not in tho concft. In an attempt to test this suppedtion^ 
attention has U^ti ealliHl to the perception of the colors of stars. The 
image of the star ia so minute that it would cover but a siJigle cone, 
hut tile conclusicm that one cone perceives its color m invalidated 
by the fact that the retina b not sufficiently stationary; the image of 
the star falls in rapid suecession upon Severn 1 cones which may unite in 
giving the color perceptioru Tliose who twlieve in the specific energy 
of the nxl and cone fibers distniss at once seveml of the theories of 
color vision. It must be remembered^ however* that the ^separation 
of the cones into forms responding to nedi hluc^ and green light, with 
Ltiree corresponding sets of nerve celhi and fibers to convey these 
separate stimuli to the hrakiT does not rest upon anatomical evidence- 
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Ily F).KX!t£&, 

HwkKfitU t huiUttit hr ilfeiffwiJ Rtiuansii, ,Vcir i*t»r'fc Ckty. 


T mn begin this n(3dri‘S=i without delayinf^ a moment to tesii:^' 
to my of the ^'jit lioiior which has been conferred upon mo 

by your Inritation^ Neither can 1 piw'oed with it iitLtil I have ex- 
prrsJMed to yon my conviction that there uro f^rsonp present in this 
audience whose scientihc work on tiiberculosia makes them far abler 
tJiiin I to discub^ the com[dcs problem of itnmiiuity in tuberculosis. 
My work in bicteriolog>' in the past has not led me to an G^pecial 
considerfitifai of the highly important problem of the prevent ion and 
cure of tuberculosis, and I can therefore acctinnt in no other way for 
my selection to atldress you this evening than tliat you desired this 
topic pro-sentc<l to yon from the point of view of one who has done 
work in the generai field of bicterioiogy. 

The modern .study of Uib^rctilosis, as you know, Iwjgins with the 
generation wliich immcdititely precedetl the epoch-making di^tiverier 
of Koch. It nvayi T llnnk, he said with justice that tliia study was 
inaugtirat«l b_v the first puriiosefnl tranEmissinn by Lnoeulation of the 
di.'isea.se from animal to animah For whatever may have been the 
speculations upon the infectious Bind transmissible character of the 
disea^ lieforo this demonstration^ yet iHe demonstration was ncccs- 
sarj' before further sLojis in the elucklatmn of the cause and preven¬ 
tion of the disease could lie Laktun Koch in hi,s masterful momsgraph 
gives the credit of successful inoculation to Kkncke, who in the year 
1843 succeeded in inducing an extensive tuberculosis of ihc lungs juid 
liver in rabbits by inoculatton with iiorttoms of miliaty and in¬ 
filtrating tubercles from man* Klcneke, after aocomplbhing this 
result, did not continue hh investigations, and they were coaseciiiently 
soon forgt>ttcn. In. tlm meantime ^^illemin*s experimental investiga- 

“Addri-as aollvered at Joint aieetlnit of the Ai^oclntlan of AMrlcaii 
PbVBlciniiw ana tbe Xntloniil ABSoclntloil for tbe Sludj? nnU rrcwatlcm of 
TutierculosSis, liokl at Waalilin^^ton, D. C*, May lll^ l&oa Rerrtnted, bj? u^r- 
mlaaliin* fmtn the tTanaacttoKu of the iwcDOfl lueeHti^ nf tlie Xiitlnnni 
liun for ihe Stuity and FrTevt'Uilcii of TuberculDaEB, lyCHik 
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tioDS trore iM'gfim nitcl piirsuetj to ii succ^ssfiiJ tormitintion. Hu 
inoi?i)]fl[fid not only with tuWruiilnr motfriiiiJ from liiuioii) b<<ings. biiL 
*ilst> fmii iKivirie nnd ho seemed to hiive proved 

oxpeririH-multy llio idenlily «f the latter disciise witli htiiiiuu (hUt- 
Vitlomiii s rijscurclies, fmm Ihn tiimibor of liis ('Xj>^^rime^t^^, 
the cnrefiil fnanner m wliirh they wero fitrrietl out nnd the omplnv' 
nicnt of siiitahle coiitml osixirlJiientH, apponrt^d to tliN.nde the qiiusLion 
m fnvor of the infective theory of tiilwreiilosk The numeroue 
workers wlio repealed V'illemin's ex|HTinienlf!, after the same nr 
mollified mtiilKHk umved at veir coiitnidictory results. Thq op- 
poiiciits of I he infiH.‘liVi! theory strove to prove that Inie tiit}erciilodis 
could Ije^ induced hy inucuinttcii with noittuhercutiti' iiiuterial. To 
the cleciaion of iliia question C'ohnheiiu and }salomoiisen contributed 
largidy by selecting for inoculation the auterior ehumlier of a rabbitV 
eye. The great advantage wliidi this melliod ixwseiises over all others 
ari-ws front the fact that llic course of u sutcsessiful tiiberciglar inocula¬ 
tion can l)e watched throughout by tJie e.xpcrimeiiler until the 
pathological process liit.s advanced so far that the whole organism-- 
the neighlHvriiig lyniphiitic glands, the Itings, .spleen, liver, and kid- 
ne5's—be(><»mes tuberctilons, 

A further point- in favor of this inctIto<l of inoculation is that 
spoutanooiii^ tidiereulosisof the ej'e has never lieen observed in rulfbits. 
It was n-served for the genius of Robert Koch to discover nearly 
twenty jenrs Ihut. in lJJS-3, by the employinetit first of an original 
staining method, the tubi'rele bacillus in sections of tuberciitoiis 
organs, mid next In- the tise of a sjiecial method of artificial cultiva¬ 
tion. to secure growths of the Uai-illus free from ail admixture with 
extraneous matter. \Viil, these jnin* ciiliivalions he succeeded, as 
yon well know, in reproducing in certain domestic iitiiinats all the 
characteristie appearumes of tul»etvnlosLs in mun. furthermore, 
Koch a studies of this fjeriml coiit'inceil him nf the UnitV of musation 
of the variotiB tulwrcnlar uirectionH mot with in man and also of tliuse 
met with in tiie ooiiinion domestic animaliH Revising to he dnginted 
n t IP ffjft thni tubeti'iilosizi tond-s tn iipjiejir itiKlef different iisjH.'cti; 
111 each sp>eics, ami directing his attention not upon the gross ap 
pearaiiccs of tlie disease, bnt foemsing it upon the min-oscnpiciil 
uppea^nees of the pniii.iiy tiihervle. wliich aa lie said reeiirs with 
typical regtibnty 111 all the difTerent prottc^ses in man. Koch recog- 
iiw.ed the ^ntml Identity of the apparently widely differenl forms 
of tuhercnlosm m the various s^weics of mvimats, ii docs not detract 
fnim the immemsi, value ofhis work (hat Kodi failed to distinguLsh 
between the tnlauTle haedh lAolatod from the tiiheroular tissue in 

JrtS H’""' ■ " "ccidental, for 

l L Tiature of the cultures 

de,ending upon their origins wim dearly in his mind. Many of you 
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will m’ull ilu' loiip U»t of vultu™.'- vvhicli is giviMi in tin; |jii]iuf on 
(ul^rcttlosiA piiblii^MKl in 1884. In n?gur(j to lltk list iCocb saye; 
" It may caiine wnm* finri*rih'f llnit !j»* n*!Hlivf‘ly Inrjse a niiiii1)or of rnl- 
tiirt’s was on font when n few would hiive siiflinKid for obfieri ing 
the hehiirior of Iwnlli in cttUnres. It semed to nnj. however, not 

improbable that though baoilli from varying forms of tulwrentosis_ 

jierbiiebt, lupus, plitliisis, etc. prisentod no difierennass micros(;oi>ie- 
ally. yet. that in cultures dilTcmioes might Ixcoine apparent betwwn 
bacilli from different sources. But although I devoted the greatest 
attention to this (Milnt, 1 ooiild find nothijig of the kind, In all the 
cultures, whether taken from miliary luljt^rrles. lupus, or perlsucbt, 
the tuh(*ri'le bacilli lichnved exactly the an trie.” 

f)iif knowledge of the nature of the tubercle bacilliiti has been in¬ 
creased until at tius time several distinct kinds ate recognized. These 
may ccim-enieivtly be elintdfied according to their chief sources into 
luimnn. Ijovine, and avian tubercle l>acilli, and into so-called tnberclu 
bacilli of cold-blooded anhiiHls, This last grou[> of bacilli, which 
will detain us only a short time, differe greatly from the other vari- 
ftirS* ns can readily lie seen when the fact is fetal led that tlie higii 
temjM>rut|ires—torn pern t tires approaching blood heat—which are rr- 
qiiirwl for thegro'Vth of the maniiimlinn and avian bimilli, quite pre¬ 
clude their iimltipUcaLion under cotiditioniS of or<linacy tuxtemal 
nature. Ilenit* they nre not adapted to a life outside the living Ixidy 
except ns ciilLivnted artificially at this relalively high temjTerature. 
In man s conflict with tnlierculor-is tliK fact is of the greatest service, 
since by reasem of it be is enabled to disregard tiic danger of anv 
increase in tuberck bacilli niit-sirk the animal bofiy. The rehttivcly 
low fem[ieratiires ot whirb the tiilperclc hiicilli of cord-blowIcJ aiiimuls 
develop adapt tbem, indeed, to an independenl existence; but, as Ihev 
an* wholly devoid of iiower to cause disease in warm-bltxaiqd anitriHlV 
and as they would appear to havu a restricted disisenimatioii even 
among cold-blooded species, tlmy are of comparatively small imtxir- 
tance. 

Of far greater eoikicqiieniv is the ijiiestion whether the disparity 
wlikhe-visis k-twism tliesererai kinds of tubercle bacilli derived from 
wanii-blnoded animuls is a w ide one. This question. wbicJi at first 
sight may upjjenr Ut la- chieflj of acaikmic interest, has, in reality, 
far-reaching pnictical fiignilicanre. The cln^se relationship which man 
Iwars to domestic animals imikcs even- fact of lutinial dmease of higli 
i.Tibie to him. .\nd in the case of no ajiimal disca. 4 e are facL- of greater 
moment than in tuberculosis. Xol only is the human race, by reustm 
of Us dcpendenct* upon the uiitmal liingdoin for food, work, etc., cs- 
posjal to ihe diseases of aniuiaLs which are transmissible to man. but 
domestk- pniniak are also exposed to diseases of hirman Jjeings. This 
correlative siiBoeptibility may. therefore, cooperate to produce u 
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vkitjiis circle of evoJiT^ liv wliicb itiftctioii cii* Oie dnngers of infcetioii 
avT kept alive and threatemng. Hence it Is that an offertive mjlntion 
of tlic problem of limitation of tuberculosis, whether by siipprcssioii 
outHglit nr by Kuppresnioii UimtJgJi thu induction of immunity, must 
take iiUo account the dcirree to wliidi tnIwrciilous unimalH of diffef^'nt 
6I>tNsies, through direct or more remote association^ are a soiiree of 
dangei' to one another. 

There h no longer any doubt that the a’lnan tubercle bacllhis de¬ 
parts cfaisjderably from the luijuttfi and from tbe Ijodiie tyj>es of 
bacilli. Tbe early observation^ of tlie Italian investigators* Kivolta 
and Mafucci, have been continued and ao extended as to give us a 
fairly comprehensive Itnowlcnlgi* of rbe capacities for pathogenic 
action, iif>on different animal s^jccies, of the avian bacitil^ At the 
same lime painstaking studivi* of the degree to whicli bir^ls are siib- 
jecl to inoeulatiot] with pure eiiltnres of tubercle bacilli of biiman 
origin support the view of diversity in type of bacilli imd suscepti¬ 
bility of sjjeeics. And yet, while fowl react only with slight lof;al 
lesions, as a rtile, to inoculation.^ of tiibprcle bacilli of Immaii origin, 
n^rtain inanimals have proved tliemstdvcs fairly subject to experi- 
mental inoculation with avian liaeilli, While the guinea pig* otlier- 
wii» ao sensitive to inoctiktion Inberculosb with the mammalian 
bucilli, is relatively resistant to the mviafi variety, the rabbit, which 
exhibits a marked degree of refriietorinesa to the human bacilli, :7im- 
ciinibs quite readily to the nman bacilli. It is, however, worth noting 
that the reactions in the rabbit wdiich avian tubende Ijacilll call forlli 
do not conform to those observed in Liil^ert-ulosls in gcuerji]: there 
is idricnce of typical tubercles and caseation, and the cliief patho¬ 
logical iilierations ob^rved are found in connectidii witli the enlarged 
apleen. 


The literature on tiil>erculosis contains a ^niall number of refer¬ 
ences to the cultivntiosi from human subjects of the avian tul^eirle 
buLuIluH. From onr present kimwlcflge it may be poslulated that 
avian tiiljerclr bacilli occui^ rarely in man* Kabinowitsch has, in- 
deed, recently emphaaii^ed the occa^onnl oocuiTonce of the avian 
bacilU in cattle, swine* horses, and rnoukeys; but they constitute a 
am a 11 source of danger in tlio spread of tubcrculoua disease among 
monimaU Tbe pai^t, becaiii^e of its use as a pet and of its sus- 
ccpti I ity to tl\e a^nau Itacillus. on the one hajid. and of the human 
^^1 ^ other, is a greiitcr menace to public welfare* 

1 lie subject of Irvine tuberculosis and of bovine tubercle bacilli 
is among t lo most imjxutant of all the qucf^tions relating to the sup- 
pi\-siou of tuberculosij^ The admirable studies of Theobald Smith 
established the dtstmctioii in type hiilKsisting between certain bacilli 
o iimsu an o lo^me origin. We have come now to regard th^ 
types as eepanue and not to be tratuiiiiuted, at least not rcodilv under 
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cirtifidEi] eoiiditions of cultiTatiaUt into rach olher. Into llip disp-ute#! 
qiie-Htiona of variation diw to riiviroinnuiiL I ciin not nfFord to filter. 
But I would have vou thjvt transformation.^ of avian,- boviup^ 

nticl human l>aoilH lulo (iach other have probably not la-eii mM-iau- 
|dj>:lu>d by e’t]>erimentation. The cultivai hui of tme variety of hnellli 
in the Imily of an alien :^pcdes Iisa Ik^mi said to alter profoundly tho 
proix^rticri of the hicilU: but t]ie okservalions upon tills jx>int ora in 
iwy opinion far from eonvinring. Tlio mere fact ihnt avinn and bo¬ 
vine varieties of baeilii preserve their jK^^nliar profM’rlie^ when occur¬ 
ring natiirully in the diseased \HHly siji alien species~maii, for ex¬ 
ample—tends til discredit the experiineiital ti^insiiintalinrLS referml to. 

Bovine tulwrcle bacilli aii? characterized, as ascertained by Smith, 
bv a j^eatcr de|p^ of patiio^nic iwwer for maminiiljf in general tlmn 
hunnin badlUj with which fact is correlated certain peculiarities of 
culhmil and physiological propertii^s j^^rviiig fiirllier to sepainte the 
Ixivinr froni the Intinan hacilU. Tlie bacilli of inninmalhm origin arc, 
imrliop-H, clofjady rtdatrd and le^a rcitvovod from each other by the aum 
of tiieir jirt^perlic-s (lian they are from rhe avian bacillus. With the 
few esoeiJtions mentioned all forms of mumnialian tuberculosis are 
caused by either the hninun or the Ijovinc ]>acilhis. 

In view of the general fact thiil the U>vine liadlli sliow a greater 
degn?e of pathopmic action for the lower mannnals than the human 
bacilli* it was jiatnnil to assume ilmt Ixivine bacilli woukl i>e fmwer- 
fully pathogen in for man ako. To cost thii^ probability diroctly by 
expcriEuenl is, uf course, not jx^rmif^nible. Ibit the belief that liiljcrcu- 
Icfcds in caUle is a menace to iiicui is expressed in the many roguiations 
bv which it Is nimeci ki iNoiilroI und prevent the ui^o a* haul of productrf 
derived from tulienTulous unimHls^ It was nut until Koclfs siddtes^j 
\s us delivered in 1J>01 that nuy serious doubt existed in the niinds: of 
sanitarians ntid pathologist-H that tuberculous callle oiTrred a sniirce of 
danger to man. 'rhe spc^dtic knowledge which has nccumu]atih.t tiinoe 
that diite has si^rved to establish the tninsnjb^ibiilty in ^nnv degree 
of txivine mbertuiloHis to the human suhjccL The inherent difficulty 
and k'dionsTu^s of the iuve^igwticm of the specific types of tid>erck 
liadlli ejtjstiug in human of tuberculosis necessarily limit the 

i<jtiil numUir iif msimicis in wbicli it has Ixfeii eskiblislual. Ixjyund 
penui vent lire, tlnit the lioviiiii ty pe cjf bacillus does oci^ur in tuljercu- 
lolls proca^sj^FS iii mtin* Tn iUb country the respuiisibiliiy of refuting 
the toil gimeral statement of Kodi has faiien chiefly u|)on llavenrl and 
Theobald Smith, w'hcjcie admirable studies in this direction are of it 
convincing nature. 

If ivc pause for n inoment to con-S:ider upon what data Koch based 
his sliitement of the indejscndencc and noncommniilciibiUty of tulicr- 
culosis ui cattle and man, we ^all appreciate that, m so far as he dealt 
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with ef^i^blished fnet and not hypfithej^i^.be liiid long been nnticipat^. 
Tliiit cnttk ore higtdy resistant to infection with tuberculous muteritil 
ujid tubercle cultures obtained fj»m human subjects c^on be conduded 
from the early experiments of Bourngarteut Sidney Martin, Frothing- 
Ininu and Diiivviddie. The incjst coJiclusive evidence upon this subject 
front allied in I'heobuld Smithes pa]>er of in which he sum¬ 

marizes his es|K':rilneuti^ by stating tliat “'putting oil ike facte ob¬ 
tained by ex]airitiients on cattle together, it woLild seem as though the 
spiituni bacilluiv can not giiiii IrHlgment in cattle through the ordinary 
chHiinels,'' In dew of these faets^ if is not -Hiirprising to find tliat 
Koch and Schiite later failed to produce mafkeil or general tubeix'uhir 
infection of cattle by feeding or inocnlnting directly into the circula¬ 
tion luberculoiis materials and cultures of tiilx^rcle bacilli of buntan 
origin# Thai this remiU does not dispose of the entire question at 
1 SSUIJ+ luiL leaves open the important coiisiderutjon of the impbuitaTion 
of the more virulent iMivine liaciMl iifKMi jiiauu was, of ctnirse, present 
In Kiicirs mind, and was met by bijii by emphasising the infrequency 
with which primary intestinal tul^rculosis, which is the form of Lti- 
lri;rcnIo^:is presumably ariHing from iiigesUxl vindent tiibc.‘rcle bacilli, 
IS enetuintcred in buiunn kungs. The re[Hiris which have upi>eiirod 
since liiive tended to show that jjrliuary iul>erciilosis of tlic itlalominal 
viscera^ espcciallv iti children^ is not so infriHiiiant as Kocdi believed it, 
and the researches iiispli^l liy addi^ss have brought on I iVie 

imporiant fact, nr*w liosed upon actual observation under the micro¬ 
scope, that tiibtrcio bacilli may pass tlirough tbo intact intestina] 
wall anil reacht by means of the l™pb current, the mesenteric glands; 
and have made it Fceni probable, also, that by entering or being car- 
tIlhI into tlie bhKHl A’csselE in the intestine the Ijncilli may be carried 
to the lungs, ^\TieJi all the known facte of food infection in tubercu* 
losis are assembleiL they nialce quite an imposing array, for they indi¬ 
cate, quite ill opposition to the exclusive view expressed by Koch, that 
tubercle bneiili entering the body w^ilb fiKxl may 1» implanted upon 
Lbo iiiucoiis membrane of tliei mouth, from wdxtch, protmbly, chiefly 
in the region of the tonsils, they may be enrriet] tu the Ijnmphatic 
gtantls of the neck and adjacent parts* where they develop and pro¬ 
duce tLslHm.iuhLr disease; or they become implimtcti iqxin the intestinal 
mucosa and pass the epitbelial barrier withnut first causing diseaso 
there, and i^et up leRions in the ixiessenterie lymph ncnles or even be 
transjKirtod by the blood Of I™ph to the distant lungs; or ihey may 
first multiply in the intestine, cuus*? tubercular diseiise there, and then 
migrate further, involving the abdominal and tburacic organs. 

If 1 have seemed to tarry too long over this asiiect of my subject^ 
) will ask you to consider for a moment in how far the endeavor to 
liaiii the spraid of tubercnlotrf^* among the himian nice must lie in- 
fhicnced by the avenues of infection to which the race is exposed. 
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If we sUlo with Koch iii the ™w expressed in 11^01. and reiterated 
just the oilier day in his Xtibel prize addresst thatt as he saj's^ human 
tul>erciilciQiis and tnberciilcisis in rattle are so distinct fn)m ench other 
that Lite latter is not to be feared as transmiFisibk to man^ at leaslf 
as his Jast uttenince puts not in a form which comes in considera¬ 
tion in re^rd to tulwrcnlosia as a ” Volkskrankheit/' nr nice di.s- 
ease^ then it is only ncccssyiry to direct efforts to the suppression of 
tutierde bacilli of human origin. For, if the danger of infection of 
surroundings and healthy individuals is limited to the expectoration 
of persons sufferings from tuberculosis of the lungs and upper air 
passages^ the problem before us, ’ivhile still very large, is less by a 
considerable amount than if there must also lie taken into aecroiint 
the wudely prtvalent difseai^e among; cattle^ swine* and other domestio 
nnimalK. Wliilc 1 do not pretend to ^peiik in terms of great autliorityt- 
yet it would seem to me that tlie time is not yet ripe to disregard, in 
attempting to suppress tul^erculosist the disease In domestic animals. 
Greatly as I syinimtliizo with the active inxsjjaminda which is being 
made by instruction and niaterial help to protect tnliercnlous human 
lieings from injuring themselves and others, and greatly as I hope 
to sec promoted the means of caring for the tuberculous in sanatoria, 
etc.^ yet I hope that there may occur, nt ibis time, no ndaxation in 
in the effortjs being made to control the spread of tuberculohis among 
cattle and to prevent the consumption of infected milk and flesh by 
man mid other iininiaK That^ on the other hand, the siippn^ion 
completely of tnlwrculoftis among cattle would not be followed by a 
gn^at reduction in the ninrhidity due to tuberculosis in man is shown 
by Kitflsato^ iflatistics from Japan. In that country llie human dis¬ 
ease prevailed with its usual activity at n time when the cattle dis¬ 
ease, owing to the ab^^nce of cattle, was unknown, and milk formed 
no appreciable element in the focwl of rhildren. 

Til dealing whli the complex problem nf tuberculosis—n problem 
whose dillicniltic^ enlarge willi the continued growth in size of cities^ 
we lire materially fissisted hv the knowledge of the manner in w'hldi 
tile virus of tubercle is f^epamted from the diseased body, the condi¬ 
tions of its conhimination cif our environment* and the avenues 
through which it endeavors to enter tlie healthy tiody. Though it i^s 
perliaps. scarcely to be hoped that ti time will arrive when tubcreulusds 
will luive Ijecome, through precautionss against hi flection, as nire as are 
today smallpox and typhu.s fever, yet it is :i most hopeful result of 
the crusade again^ft tulierculosis thnt a marked reduction in the mor- 
t4ditv* and probably in the incidence of the disease, has been going 
on in soine enuntries— ws, for instance, in England—for forty yoar^ 
In New York, the system organized by Biggs has limught alKnit a 
reduction since ISSG of 35 per cent in the mortality of the disease; 
and wliile in Prussia the morlality was stationai^ in the decade from 
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IBTiJ to l 8 S(j, nincf I lint tiiiiv ti riKliictiou uf iiioru lhati 30 cent has 
hwii noted. Thiise shmv whiit may In- necomplislied in oiduc- 

the fbiigers of infection with tiiherculosis hy a regime of ednca- 
lion. impinved conditions of living for the prnirt'r classes, and tho 
A'gregntiuii in Imspitals and suiiitoria of any cotisiilemble of 

the infective tnberailons during the most daiigeroiii; period of tiie 

Tin? fliH^Nivery of tin? niknshic VLgout tntitrc'ulosiH nsitiirully 
lUviikL iUHl tlie liopr ihnt n nieaiNss uf trcuthiff imd. |i«fKiisibly, of 

provtiisting might now be found* The liiirly yeait*s follow- 

iTi^ tho citiliriititjti of the till rtf relo bai?ilius imw no nialijfirtlion of this 
hopi.f* and lo-dny we iiry iiiill fair hmn tlie dtidiicil gowh llo^vever, the 
pi-KhLligioiia liiboV which hns trtfifii espended in the si^ardi for a mctms 
of prtjtt!e(ion [igninst irifection with the tubercle |h>L^ii Iiuh not lieen 
wholly ilevoid of results*. 

In "nil aiUii-c-^ of ibis kind it is mit practicable tes deal with the 
wpJimto comrihutiianst in deUilh which tlic many workers luive tinide 
to the Hidiject of inununily in uiljerciilosis, Tlie most thtU can lae 
accornjdished is to bring together the nnire imp<>rtant residts of nil 
the workers and. iifter haiviTig iisscnihUsl them^ lo judge of their value 
and to coiii^idcr, jxJt^ddy, in what imporUitit I'^espeeta they sire ^tiU 
imporfecL I ciiit not do Ix^ilvr. at the U-gitining* than to remkid you 
that the siaccesxsfiil [J^niit of depairture hsia liecn the dii^covery tliufc 
variations in type nod in viriileilL-e exist among Ltiliendi; baiulli. The 
earlier view w'hifli taught that tlie tnliercle iiaeilhis is a rnicro 
organlym of uniform iiiTid fixed vinilenre liiis lateii shown, in l>o erm- 
lUKins. first by the discoveiy of variations fn-ronlitig to c-eilaiiii origins^ 
and second by a gradual diH^line in puilu»gcnic power aulTored by 
certain strains tlirougli long cuHivntion outside the animnl Unly. 

Tlic iinhnals which have l>een of special use for lests of imnruriity 
are rabbitsj cattle, and gnats. The guinea pig, whidi furnishes an 
almost ideal muiiinl for the detect ion of tuliemiloius, liccause of tlio 
aeiLHitlvene.SH of ils reaction to inoctilalions wdth tuben nlar material, 
fails for the same reiiHon* to l^e a highly suitable animal in which to 
carry out tests of immunilv; and yet it lias been employed with some 


fnicccs.^. 

The first im[>ortan{ contribution to the subject of cx|>erimcnUil 
iniiuunit\' in lulrtfix-iilo^^ia mnde by Koch in connectiou with bis 
rci^uirchcs on tiiljereulin—u prfMhu-t of the growth in broth of tiiliercle 
bacilli* frccfl frotii the bacilli and concent rated. In spite of the 
failure of tulierculin lo bring about ei favorable issue in all cases of 
human tuberv^uiosis in which it is administered, it still remains a 
iiwfuh perhnl^s the luOHt sisefub strictly medicinal agent employed for 
the tmitment iif t iibereulosis. ihit the sum of ils useful pro|jerties is 
not embraced in its <niiployuient as n therapcuiie substance; ii is also 
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rt (littgT 3 ii 5 tio iijrtnt f>f lii^h vuliie^ rind its nctiori iipun llie (iiiicnulsibiis 
f^r^iriiani h sii spqciflt* :ind romnrkttlik llitit it lias pmved u.^if of the 
p^eat<? 9 t i[uptirtnni'e aad aid iri ihe elforf to iiiimvcl the eMtiiplicatecI 
seriw of hiolo<Tit! 3 il plivnoiiietia whi«*h ^-oii^tituK? tlw ttiborcular frtatc* 
Tt iii pov^iblo to iiicreaso scHBinvIint lli« t^^is^tance of to 

luljemilar iiiftMrtian by previous treatment of lul>eictiliii; but. tUts 
inuituise Is nol remiirkuhle- ft is possilde to hvin^ alHUit ativsi of tlie 
tiiliemibir process in tbo infected or^mifim by mextns of lul>ereuliii; 
and in some iristiuut?s tliis ]lrre^^l leads* throii*^b the chiin^' induced 
iu the tulx^rculous tissue by tneans of Ibe tidierculiii inicctioms^diivctly 
to eui'c. or ioillrectly? throrigb an iticreasetl janver of I'esistance and 
iittack on the |>art of the forees of the organism, to eventual cure, 
lint u high and lastitij^ degree of itiiniunity has never ijeen secuietl by 
the use of tuljerculiiu 1'his fact, disiip{>ointing as it was at is 

now Oflsil}" cspHcoble. Tuberculin does not ropresetit llie entire seriefi 
of foiws contain'd in the bacilli wbidi tbii Ijody UaK to resist fti pre- 
h’ 4 TVitig itself fi'om inbTtioti wdtli tul>erenilju' pnitani* The pocuLiiir 
[irincipliw contained in tid.ierciilin are* indecJ, not highly toxic for the 
normal individual; jttid onr exi>erieiiee in .securing itniiiimity to micro- 
piirosites aud their prednets? has taught us that where no reaction or 
[espouse to the introduction of the foixugn poison is called forthj no 
dogrtNi of protection to larger dt>sea or more virulent poisems of the 
.sanio uahire is lo be exjiected^ Toxic as is t3d;ierculin to the tiji>er- 
cnlous organism^ it is almost innocuous to tlio tubercle-free Ikjdy. It 
huH Ijcen found, in keeping with this disiinctiop^ lUai the noriiia] 
animal slioww jift^r tiibercuUn treatment evidenco of I he tiiinkual 
prodiii^ion of the iientnilizing or liiitilMjdy for the ttdierculin,, wlikli, 
were tid>eixulhi a direct j>oisoii for Uie tibsuesj would prohaldy Imj 
produced in larger amounts, < Jn account of this ab^'iice of action iiii 
the tioriiial organism it has been thought that the active principle in 
tul)creulin does not exist in 31 free state, hut occuvs in scJtiie combina¬ 
tion t fi'oiu which the tubefculouSi hiit not the uuntnhcmilous* organ- 
lain can free it, aiul that ilie sepamtion takes place m the tulwnailar 
foci u[>on which the s|fec:ific action of the poison is directly exerted. 
If this view lA correct then the hi i lure of tiiberciilki to exercise any 
profonnd iiction on the healthy organism is easily gnispwJ* 

Incrcajsed knowledge of imcterial infection and immunity has 
taught tis that in cose of hacteria wdiich invade the depth of the l>ody 
and jiroducc ihrir i>eruliar elfcets by reut^n of their iiiiiiitKliatc pres- 
cnerc^ we can not exjwct to achieve marked immunity through the xim 
of the soluble gross pro<lucts of the parasites. The r«!aclion of the 
body to the mvasioii dej>ends not upon the presence in liic kivaJer of 
one set of toxic jjrinciples, hut of many, some of which are contained 
in the solid substance of the micro-parasite and do not go over into 
the tluids iu which they multiply* Thus it has been found, in case of 
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ceriAin bncti^riii, tlmt ii degi'te of inmiunity or protection whi^ it is 
impcKSsihk lo obtain even after very prolonged treatment with the 
rtuid portions of culturesi^ can las .seeiinNl quickly when small qiian- 
of the living or even dead miLTO-orguiiisiii are injected into the 
1>odv. A high degree of bacteria] iiumunity lias secured up to 
now for a siuisll number of iniero-organisnis by %'accination^—by tlie 
nietlual introducetl liy Pasteur—for ^icverid animal dlsea^H^, notably 
iktilhrnx or spicnie fever^ fowl cholera, and blnek-kg. In these 
the living uttemmted liiicro-organS^tus are cm ployed i. 

Neither lusting nor marked iiiinuinlty in tuberenlaHis can bo ob¬ 
tained l>y the iiioeulntinn of eiilturu-^ of tubercle l>ocilli killed by UeaU 
i^imligiit, or other ageney. Ikjid tidicrcte ImcilU ore poisonous and 
bring out ti striking reaction of the organism^ but tliis reaction dues 
not confi»r inuiuinity to subsequent iiiocuhdions of the living gmiu 
It may well be tluit the dead hacillL espeeially if reel need to im- 
palpLibte powder ^o as to facilitate absorption* may after injeetioii 
raise the powers of it^Utnueo lu the organic forces^ although the 
height of the suistainwl forces is not sufEeient to enable tlie Ixxly to 
throve off completely the living infceliug organism* It is ea.y to 
prove that ilie aiiiiuitl organism is modified by the development within 
it of tlie tubt!rcle liacilli; and merely dispoe^ing of dead bacilli In- 
rrea^-4 it?' power of reaction ogninst u second injecticm of dead 
tiiberrle bacilli; the ^ri^coud action laung inueli more vigorous than the 
first* TJiO eX|>erimeiits of Kocli wliich immediately prcs’eclotl the dis¬ 
co vorj^ of tulierciiUn clearly deinotiiitrnted that tubercuJnus guinea 
pigs into which tnl^erele bacilli are reintnaluced ^luljcutaneoiisly react 
in ei very tsjiecial manner* An active inflammatory process develops 
about the site of second intjcnlation whidi event no 11 y brings about the 
expulsion of bicilli with the eJttidations; a voluminous slough forms, 
whieht when slut^b carries with it a Lirge number of bacilli; and this 
bhedding hi followed neither by the funnatiun of a pa^rmanont nicer 
nor hypertrophy of tho neighIx^ritig gknds, a regular roHidt of the 
primary moculntioin Tlie tubercular organiwi reuets in the same 
manner to decul os to living Uicilli? I he tuberculous aniuial has uc- 
quired immuiiity against reinfection or ndutoxioation by the tubercu¬ 
lous viniH.* whidi, Imwover, in no way prevents the first iiuKruhition 
from becoming generalized and setting up a luberciilosk of almost all 
the organs. 

If we alteinpt an interpretation of these plienoiuena we can con¬ 
clude tiial the organism^ once it lA poisoned with tubercle viru^T 
becfunes siipersensitive to tho tubercle jH>Lsim. This supersensitive- 
ness is dLsplayed in the manner of reaction upon reinorndation of ihe 
tubcrculons organiEiiii to tuberculin and to dead and liidng tubercle 
baoillL But the organ win iMiiscned with dead tiiliercle bacilli is not 
m reality tubei'culoiis; it is, however^ seiwitizcd* In keepiog with 
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this dif^tinction. it cun be srtid that while the tuberculous organLsm 
Iia.s acquired a degree of immunity to reinfeeliou^, the orgimisni 
merely poisooed with tubercle bncilli lias failed to develop this state 
of rerustajiiN?, 

The experimental which I ahall relate to 3-ou. upon which 

are based our belief in the artificial production of immunity to tiilier- 
eulnsis, were all ohtajned by the use of living bicillt. It would, thert^- 
f«rt\ seem as if m the course of their residetu-T? arid development 
witliin the Ijody the immunizing organbmis Ijehave liifferently froui 
those in urtificittl cultivations* This difference in Ixihuvinr Cfjtild 
bo accounted for on the supiwsitiqn that under condltioiL^ of parasitic 
life, surrounded as the bacilli are with complex fluida and more cum- 
plex crellsT ihe^^ form^ in their gniwtlu products which cither are 
distinct frrsm those which are formed by them in enhures, or these 
pnxhict^j in Afiita nasf'^$idL are aded iipon and modified by the active 
and Iiibile ferments in tlie fluid and protophiiEm of ccUst with which 
the gTinvth-pivKlMclH must come into ijumediute contact* 

IVdch, to whom tliL^ variation in bdniviorof bacteria imd^u* parasitic 
and saprtiphylic stales of existenefe was fully ajiparentj endeavored 
a few years ago in his Huxley lecture tn explain tlie difference in 
activity of bacteria growing within ajid outside the body by auppns^ 
ing that in the body they are induced to secrete sub«taJic.‘es the stim¬ 
ulus to the production of which is alisent in the culture tube* How¬ 
ever this may Ije, it is evident that the only form of immunity m 
hdiercnlosia which deserves the name has been olaainwl by ih* ein- 
ployment for ini>culatjnn of living ciiltiirei^ of the tubercle bucillus. 
All hough the earliest experimentB whidi had for their objt'ct the 
prvKluetion of iinmiinity in pniall animals by nieiius of previous in¬ 
oculation of products of tlie growth and of altentiated cultures of the 
tubercle iMicillus were publisheirl in IS(M> {Marlin and (iranchert 
Courmont and l>or)^ yet. [ thinks the first really promising, because 
successftiL achievements of this end were made by Trudeau in 11>03 
and l&tKt and by l>e t>diweinitJ£ in 1904, 

Trudeau protecteJ rabbits from virulent tubercle bacilli by first 
injisding Llicm with a culture of bird tubercle bacilli^ tlie subsequent 
injection uf virulent mammalian l^ciUi being made into the anterior 
clminlK^r of Qie eye. The nibl>its to l>e protected were twice injected 
sulxutnneoiisly at intarvala of twenty-one days with cullm^ess of the 
avian bacilli. About one in four of tlm rabbits died within three 
months, prfjfouudly emaciated, but without tubercular lesions. The 
nmiaining animals recovered and were apparently in good health, 
wdicn, with an ecpnil number of controls, they \vei% inoculated in the 
eye with a culture of manimtilian tubercle baeitli. The results are 
instructive: In the controls little or no irritation following the ojier- 
alion is ob^rved and the eye remains quie^^cent or nearly so for about 
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two wtKjks. wbc^tt the chimgp.s det^tibetl iii tlifi earJy purts of thiJi 
iiddres.5 rriiiiilf^>.st tlieubfeLv^^ u few weeks general inflnmnia- 

tion cif the structures of tlie eyo develops, the inocnlation wouml 
Ixicomes cheesy and the eye is more or completely destroyed* 
Tlte disease, however, remains usually UxniliziHJ in the eye for many 
aionthst atid may remain there [Mzrmaijently, depending upon the 
viridence anil tiiinalier of injected. 

In the vnf?f!infltefl anliiiiils, on the contrary", the introduetion of the 
maminuJian Ijsieilli at once gives ri^ ton marked degree of irritation* 
From the set^nd to the tiftli day the vcssidiiof the ctmjluictiva lawnie 
engnrgcfk and evidences of miirked inflainmation nppear in the im* 
terior clinml^er and on the iris (reactinn nf iinmnnity)i. However, 
nt the end of the second to the third week, w'ben the eyts of tiie aai- 
trob iwjgin to show pmgi’cssive and steadily incraising cviilenco of 
Liiflurikiunlory reaction, the irriLiition in those of the voee.iniited aril- 
insib begins slowly to subside and the eyes to meiKi Tn from six 
to twelve weeks^ in lire fiatccessful casesi, all irritaliori has ilbappeared 
and tlie eyes pix-sent only the evidences of trjintiiiitism and indaiiuna- 
tionK Tins expc^ritiicnt leavea no ilouht of the protect ive intluence 
exeritjd by the fim iiinciilalions of the avian bacilli and clearly estiih- 
llshcrt that ndatcij ciiUuref^ of tidw'rcle hiicilli of nuKlerate viruleni'o 
for an animal species can afford protection to subsequent inoculation 
wiili special and more pathogenic strains of the bneiUus. Xotwitli- 
standing the fact tliat, as Trudeau revonis, k^oiiie of the prckleclcd 
aniintils slowly relapse and the ilisease resumes its progress, although 
by aluKJSii imperceptihlo stages, the experiment still slmws rhni pii> 
tcction. not ubstihU^ imni iinily, from tiibercndogis may tic obtainec] in 
rabints by a species of vaccinal ion. 

L>e Schweinitx in IS!>| reported ceriain experiments whicli he made 
on guinea pigs and cattle. He inociilatial the former with n culEiirt? 
tif tnljerrie hacilli of human origin cuUivattHl fur about twenty gen- 
emtions in linitlL This cult arc was of a low grade tvi virulcnwt for 
tliew ariiuiiibriiut it served to protect them to such an extent that when 
they weie afterwanis ini>CLikted with tid^erE ulous material from a 
nm they remained lienlthy, while eoutml pigs injected with the isamc 
material Ifcec'atne tuL>qrculnus and siiccumljod in iilwsiit seven wet^ks. 
De Schweinit7. injected large r|naniitics of human tubercle bacilli into 
catth^iicneath tbc skin, into the [wtitoneal cavity and into the circu- 
hition—without hijur 3 % 

[ may^ at thb time* digress for a moment and leave the more 
strictly cliroiiologit^^il method of preisentation to aUnde to the set of 
exjMmjiiu'!iits oil the proteciion of guinea pigs frf^m tubcrcidcisiE which 
'fnidcau roportecl to the National Tuljerculo«is AssoeiatJon at its lost 
meeting. Phe s|>eeial merit of this experiment is that it shows the cx- 
isU'iicv of u connection between virulena^ and Lnfectiviij in the germ 
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and its capadtj to «?oiifer immunity. Unle^su liiv bacilliis has tlip 
power to gnin hoiup foothohl in llu." IxKly it siiTords Jtn pmlectiuii; if 
on ac?icnuiit of lii^b pntiiogenic: ptiwer or vinilenrro it gtitiiii ii 

fofjktholib then it brini^ iiboiit infeclitiu-. Tti rhofHiu a culture of tu- 
lwrc?le harilli of just the right gmdc of Yimlenee is one of the ctuidi- 
lions, appiirejiily, of succet^ifEd ea: peri men t. it must also be. in view 

of this favtt iine of the diiriculties of the inethtKJ. Tlie suiue diBicully 
has been eiivuniitemi in (lie praeiicrti carrying out of tbiK methnil of 
inmiunizatioii In cattle^ Sev-yml series of gniinea pigs were iiim-ulatiHl 
with tubt^rek baidlU m follows^: Wilh dead bnej|]i« ih \ with living 

bacilli from eoliUUncaled oniniak, (<?) Avitha culture of luimaii bndlli 
cultivultHl artificially for mure than twenty yoai^ which priHhices on 
inpcijlatioh no iippreciahle hK;iil lesioiOi nml mw^r tends to generalize. 
aiKl {!■/) aiiotlicr human CEilture cultivated artjfieiatly for more than 
fourteen years, Avliich still causes in ail lije |(igH yjigliily enliirged 
inguinal glands near the site of inoculatton^ and occasionally brings 
alKifcit slight caseation of the nodes wilh a tendency to poilhil gcnenil- 
izatiori of the virus. The dead baeilli and the bacilli from cold- 
blooiJed siM.?cieH giive no protectiou; the hkc^coiid liiunim culture^ by 
reason id its greater invasive pro£>erties^ proti^cU IwMtcr than the fii>it, 
is iilfiuifil Jlivoul af pijwcr to giviw in tJio uninijil lKH]y, In no 
however, was llie growth of the virulent wIioHy sup- 

pn?si(Wii. 

In iiiui) the <pte>:tiiin of acfpiii'ed imiiiunity tins lieen answereii hy 
nmiiy uuthoritte^. ns fnr ns the mnin rnnsideratioTiM (fo, in the ii;e,!;otive. 
A large nunibto'of well*oijik'r%-ed facts riemonstmtus that a person who 
has suffered from localized tulx^rcnhwis of the JjtTnph glands—siM-ofiik 
so-tailled—or other form of Itxml tiilx^rcuJosiis, ciui not cooni U|jtm an 
i 111 mull it.V fmm pulmonary liibcrvtdosis. And yet it cun, T think, Iw 
!-hown by reference to statistics that in ninn there exists n n'frjieton’ 
condition which liecomes tncreaK^d after infection, since the TniinhiT 
of persons who hu%e been the vietiiiis, ut some ;>eriud of tlicit* life, of 
ti tnlx^rculoiLs infcf'tion. is vrty- large in compurisoii with the number 
who die of this dWu.se, or the e\cji liirger number who develop severe 
fornvs of it. Ifh^b gives the mortidity of lubei'ciilnsis ji.s coinjiuied 
with deaths from all otlier cutisesus<3; j in other words, tiilxirculosis 
claims 0 .S victims of dttntli one in every seven |iei>ons. This proimr- 
tioii does not, however, express the morbidity fioiii tulierculoHiH, 
which is, ill reality, far greater thiin tliCiH? fi|rijn>s indicate. It is 
diflh'ult to secure by vital slutistics rrliiihle tlutii of tlie ineldenre of 
tiibcmilnsis: hut trustworthy observations made at autopsies ii[xjn 
hiimiin beings indicate that as many a-s !)0 per rent of iwrsons, dying 
from all caiisrs, huve at some period of their life Iwen the \-ict1rns of u 
tiiberculnr infection. Tri far the greater number of iiistunres the 
disense ratuains Ibscd in the brondliul or otber lymphutie glands or 
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tlw? erf the hin^ sind pserts no itijimoiii^ elTett upon the orgiiubni 
os li x^'hote. We mav. there foiT\ fairSy cotielutle t hiit the burn an 
orgnnistii jMissesscs a ?ftrcing uihercnt tendeney to overenme infection 
T?v ith llie tuiwrele So mucli cuit twi ssifely pmUcated. But 

wheLlier Uie suppression of u local infecEion^ siu-h as I have deserlbfuJ, 
givejr; an increasi,Hl eaparity for oyerconting subisequenilj iiivadiiig 
tiilKircIe huciiri rejiiaiiis for the present an otwiii question. It is (jor- 
tainly not disproved by the facts dUsj pitid some authorUies hold fiost 
by tiip tiplief that a degree of ijaiaunity to tiibcrculosis may bt‘ 
ncrpiilied by man. 

In the YGur !I>C1, on Efettiniber 12, on the occiision of his accept- 
am^ of one of the Nobel prjKes, Behring announeed that he was 
engaged uyxm ihe study of artijiciiil iminutiiRutioii of fuattle to tuber¬ 
culosis. In this address the claim was made that a method had fjceti 
[lej'fiH'ted whereby it was possible to vaccirnitp ciittle successfully 
agaiti.^t tubTcultfsiiv These PKjHTinients t'onsisted in the endeavor to 
immtini/ie rattle by means of tiiljcrctilin, other toxins, so cnllcd. from 
the iijbcrcle bacillus, dead tubercle laicilli, bacilli weakened with 
chemicnlri anti living, active cultures of the tiilHTclc hacilltis. In the 
four years which have elajsseri since this annouiu'ciiiriil was made a 
r«eries of inonograplue papers l>caring on this snhjoct has appeared 
fnun Beliring*s laboratory in ^lai-biirg^ The plan of immnnidation 
has, in this time, undergone a n umber of modi heat ions until noxv it 
consists in the inoculation inlmvenously of young rattle—calves 
twelve weeks old preferably — with a standard liuniun etilture^ which 
La now fiimbhed commereiallyi A second iouculatiou of iin mcrensed 
quantity of tliis culture is injecteil thive niontliii hiter. Cattle treated 
in this way are rrgardcil ns highly irnmnne and are denominated by 
Behring as " Jennerisced."^ If to them ii dose of vinilent Iwvine 
ciiUuiNt of tuIxTcIe liacUli Is giveiit no perniiciently had n^HulLs fob 
low, although an equal dose of the Airnkm culture will cau:bte^ in an 
unvaiN^inated ariiinnh the development of geticmli^ed tuberculosis 
Icadiiigi In u few weeks^ to death. 

In his eridpavor to find a culture of the tubercle bacillus which 
xvoiihl fulfill t!ie retpiircment of producing a transient illness iin<l 
leave jirotection behind, Behring discovered that not al! tubercle 
bacilli of honiaii origin were without dangr?r to cattle iiuiculoted with 
them. We were, indeed, not unpreparttl for this aunoiiorement, 
siu<.i?, in the first platH?, we had learned that in f^iiie itiidances tubercle 
bacilli of the laivine type have licen cultivatet) from examph^^ of 
human tiilMWculosis, and, on the other, that not ]i!1 t!ie haciUi, of any 
type, cAhibil equal degrees of viriilenee. The cnUiire employed by 
^hring, although it ha$ now been employed to inoculate E^veral 
thousand cattle, is i^iii never to have profluced severe distnrbitocrs 
of health; even when animals already tuberculous are inoculated the 
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rRSiuUi^ iir^ not various : frver I» skiing .Severn 1 tlnys se^s in. the niiimiils 
Jjjiiv cough, and they fnixy eni Tp^ urid IcKfe £^>niewhat in weight, but 
even tliey n.-tiini to what U for the^^i the nurmal. 

It won hi appear I lint MeFiidyeaii etiLHled to tbe credit of the 
flisiTOvery e'tiinilly w ith Ik?|irbjg of the biimnnizatioij of rattle agaitihi 
1 iitieiviilcisis^ aiui, imleetl, there is reiisoii to believe lliat liis results 
even antiripntecl tlnise of Behring. By using for iiijer^tion first tiihcr- 
eiJlii mill then in Hiiccession tiil:terciilin and tuberciilons material con¬ 
tain iug bovine imd jxts^ibly human tTiljoix^e bacilli^ ilcFadyean 
succeeiled in inclousing the resUtance of ,sevcral cattle to nrtllicial 
1 ul.HUTijhir iiifectioiu 

Pearsnji and (iil)ihind« ltX>-2» m this eoinitry early puhlishttl ae¬ 
on iin is nf soriiie cx|ierinieiiU which lltey carriecl out upon the immih 
nis&atiuti of cuttle against tubi^reiitosls. They employed a culture of 
htiman tiiben.le bLirllli for pn^diicitig imtimEiity sud found that stib- 
sefjtiently the priitet-le<l anunuls, as cinjipiired with the ciuitrola, which 
alt snceumlje^l to the vinilent inoculation, either developed no lesions 
or very inconsiderable ones ujH-m being given large c|uantities of 
highly pathogenic laiviue ciiitiircs. As far as I know' tliesc exjx^ri- 
niciUers are the only investigators wlio have entleiivo™! to carry the 
principles of the nicthcaJ u step farther^ so as to hi'ing nliout arre^st 
of the disease in enttle already tuberculous^ While it is unlikely 
that such a Iherapeiuic use of vaeeiiialionwill ever Ijo mndc in 
letciJtiiiry practice* the facts are of considenible theoretictd iiitcrert, 
especially in view of the somcwliat similar means employed to arrest 
tuberculosis in man. 

The immense importance to scientific agriculture of the nialter of 
immunisation of cattle against tiiiMcrculusis and the even greater col¬ 
lateral internist which the subject has for man. as enlarging the pos¬ 
sibilities of immunity even for hirm have knl to a discussion on the 
priority of the tlii§covery betwecfn Xeufehl, a pupil ot Kixdi, ami 
13ehriiig. It would apiiear fmm XeufehFs w ritings that* while w'ork- 
ing under Kik'IFs dim'tioriT he oseertauied as early as l!HX>-l!KU that 
large auiiunl>—donkeys chiefly, hut cattle absu—could be protected 
from artificial infwrtioii with virulent tsd^crck bacillL always fatal to 
ciintJ'ol aiiimahr, by previous treatment with lubercle vaccine, of which 
several liilferent preparations were studied. It is not within the 
scope of this address to iip|>ortioji the cnnlit of priority i but in any 
ease, assiiining tlie facts to l>e as stateti liy the conti'siarit,*^, McFailveaii 
should receive as great credit as either of tlie exhery, if not (be chief 
credit. The prinviiile whicli all the investigators employiH] is not 
new* in experitiientul medicine, Imt has come to us from the genius of 
Pasteur. It may, however, be iiaitl I hut our knowledge of the tiiberc le 
bacillu-s and its varying activities had by the year IflOO l>ccomo so 
much enlarged that the possibility of putting the facts of the newly 
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disc-nver^l |iri>pertic5t lo a pmftical lest of immuiiiiy cKx^iirml to iht 
^veml jndepivuli^nt workers in Imcteriolojiy. lliere ean^ I tliihk. 

no Jo alt ihst Fk'lvrin^ <leserves the of Tikakiiig the pro- 

itirtion of oEiitli' from tiikuTiiJod^is a feasilile, praetieal obji^it of 
KtuJy. This alone is ii meiK of no small onler. 

From ilio more fiiet that callle have Iwen success folly protected 
frcaii ui feci ion by the tidiercle hacUlus^ even imdtT the j^vercst L'f>nfli- 
tions of Jalwrntory ex|>i?riiiiu!it, it can not \m ctmdmleJ tlmt they will 
tv etfjmilly refractory when exj^c^ied to the imtitrat sciiirfiCiS iiiij mofk-s 
of infectimt In the lulmratory the virulent infections agent is 
brought into llie anitiml by injeetiont under tlie skirn into the sctoms 
cavities or into the circulation, which are avcmies llirough which in 
the natural disease iivfeclitm rarely if ever takes place. And while 
this iiHsdi? Ilf intmluLlion of t he vinileni bacilli into I he Uniy mu\\ 
tluNin-tiiitlly^ Ih- more severe than llieir inU■^>ihullion into the lungs 
w Ith ininited ain or into the stomiicU tbrongh infected stalls mid fcKxl, 
yet the profound dilferenccs in the cjefcnses of tiie Ixxly with which 
tlic bacUli come into conflicu uiuler ihcsie different circiimstanccb^ niay^ 
afler all, delerniiiic the issue in a nniiiner quite ^^ijntrary to onr evpec- 
tut ions* It is, tltcrefoi’t', of the highest interest to learn ilnit in their 
Inter tests Rdiriiig and his ctiworkcrs exposed vacciimLed cuttle to 
stalls iind hercLs which were knowm to laj badly-infected, with the re~ 
suit, til at aL tlie time of the report, they had appureiilly i*sf‘aijecl infec¬ 
tion. I am enabled liit’oiigh the courtesy of a private emumnnication 
from Doctor Pearson to state that cattle vaccitmtcHl by hinisclf and 
Gilliland wiiich wi n^ kepi for two yenrs under notuiid cornlitioiLS of 
infection have not ccmlractcJ tuherenioHis* while the corilnd aiiinjals, 
exfMTt^ied to the same cx'aiditioti^^ have all devclnix'd the di^^nsc, some 
dying spoiitamfonsly by reason of the severity of the infection.* Dix- 
Lor IV'iirson also infortiis me that tJicir experiments Jiidicutc that the 
degree of resistance hears a ralher dclinite rehtlion to the niimber of 
vacdnntions given the cTittlc* No ctittle %'aix:inate{l throe times with 
their etaiulard vaccine—a living otilLiire of tubercle ijucilli of htunan 
origin—have develo|H'd tiil>ertrii1ous lesions even after tw’ci years' 
fK^vere esjKssnre. In tlieir exj^ertenets two injections of Behriiig^js 
vikrcitie do not ahvaya suffice for such heavy ex|K>Htirc as they em¬ 
ployed* 

As regurds the cjuestion of dnniiiqji of ipp pi-otcctinn* it may bo 
siiiJ that Ikliring, basing hb views on results uf vaccination made 
three years before, cxpr^ed the Ijelief in i\m that it would endure 
during the life of the animsl. Asynuiig hoallliv cTittle are v'accitinted 
la-fore they fall victims lo infected ^Ufills and herds, it would seem as 
if infected herds might therefore gmdiioUy be repliieet! by healthy 
one& The gain, tills being true, would lie almost incalculable to 
agricuituro. 
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I am in the fort limiter position of able lo hring tiofoii? yon a 

eritiral Bummary of the subjects just prest^ritecl by one ivbully ttin* 
versunl with its praclicut as well as its tliwnrticail aspects. Tlirou^b 
llie c^jurtein" of Dr* lA-onard IVirstui I ]iuve been enabletl to rciol the 
ad I fl lire Blieets of ti review on ijiinmni^ution in tuberculti^-is wliich will 
sooti be issued from tiip Pliijjp's Tnsiitiite, Doctor Penrwin concludes 
tlint there iipiienDi to be Jiu doubl that different cuJturi^ of linmau 
b^f-iill have differtoit imnntni^itij^ vuliie^^ Some can not be used at nd 
Ix^-aiise they are of too bigb, and others, posssibly, bifcause Uiey are of 
too lu nil once for cattle. Tbei^e Is also need for ctmi pa risen in 

inuuuidzing value of fi\*sb cultures and cultures that have lxx‘n dried 
in vacuum and reduced to powder. Sorue observations appear clearlv 
and strongly fn JodieHlo that the froBh cultures arc ]>refcmble. AI- 
Ibough it has Ijcen sliown tbnt vaccunation can lie pmetioed so fis to be 
entirely liannlef^ ui the iiuimals. yetj on tlie uLher band, il is not 
always iinaLtetided wilb lUingetr* Wbat is the shortest and niiJsL 
economical ju'oeedure for the proteetiem of caiile on a birge is 
^ti]l lo l)e vi^tublislKHl. fliily prolonged olwrvation of curcfiilly 
recorded results of vaetiniitioiis prnctiwl on a large !:icale ciiii settle 
lhi> ptiint. Tile question of duration of immunity is still an open 
one. Ji hiii* iwen nliown ibat the immunity eiuinrcs a year. To sa\% 
at the presciil stage of the studies, that it will lust during the entire 
life of an aidinnl is to make ji steLenient for which tliere jft no cxjkhu- 
mental j>roof. MukIl^ of vaccinatioiu ft-s i I lust ruled by the iiitetwals 
l.wtwccii the KuewssiVO injections, di ffer gn?u( ]y. Ik-Iiring recommends 
an niLerviil of ihrv^ inontlis. while otbors have ublain^Hl a high dcgi^ic 
of iiiitiiuniLy by re|jeatetl mjectiuii al short hiterviiLh. As LiHiBelal 
iiinnunity is relative and not alisoliite it need not excite surprifve timt 
the immunity tn tlie fiilk-rrie bueilli eiin lie overctimc by the inject iim 
of large qiiantitieH of active bacilIL IVliat h tlesircd in practice is a 
degree of iinniunity that will ^suffice to protect animals from aeepdring 
the dlsiiejnit* under not uni L and consequently highly variable, condb 
tions. In some herds, where the natural disea-% prevails in a mild 
form, a lower clegree of iminimity may suffice tliiin m other herds* In 
which the disease is more severe nnd widespread* We are, liierefores 
at the Ijoginniiig of tins complex and lughlv important subject. These 
lire D<X'tor Peurson*s conclusions. 

There is another Bsjiect of this subject whkh demands attention. 
^^^lf^n it is retaillefii that immunity hi i^ittle is obtained by the injec¬ 
tion of living human tidk'rcle bacilli tlii'! question nrisea whether this 
proceihire is wholly fiTe from danger to the corL-^mners later of t!ie 
flesh and milk of these cattle* It would apjwar tlnit the human IkLcJlIi 
do not excite in cattle tlie tul?ercular teziunii^, in which doubtle^ the 
ImiciUi are so inclosed as |o be. to a cons^ideralile ptegree. prtjtecrted 
from perishing It is equally true that as the living micro-organism 
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can not Im? rcyjlucetl by detitl ones in brinjfin^ about itnmiiuity, tUo 
imniuniziug' prooess is in ssoiiit wny Iwaintl up wiili their stin'ivnl tiiid 
oven, possibly* vriih a reiit rifted multi plication- Hence it is ticcc-^"'"ary 
that we first, how \on^ the hnniHri bacilli survive in the 

orgaii-s of the vaceiiuitwi animab. and s.ee-oiid- whether they are ever 
eliiiiinated with the milk cjf cow*4. llie obseiwntious already made 
upon these points are so few^ as at pre^nt not to useful for any sci' 
entific dcductiotiH. Ihit before the method is too implitutly relied 
upon these t|iu-stions ahonid he answ'ered. 

It is an intemHting' subject of sfieculation as to w^hat the result will 
Iw wdicu ciattle in gimeml* uiid i^os^ibly.. man later, sliall lukve l>K?n 
immunized to tnberculo&itv Will the ract=^ of tubercle bacilli dis- 
upljejir ill large measure from (he world? This w-oulJ index'd lie ii 
lieneiiccnt iTsu!t+ But Doctor Smith has poinicil out in a riH^ntly 
delivered address that doubtless host and parasite evcntnallj ctnne to 
hold n kind of equilibriuiii to each other, and hence an increused de¬ 
gree or rebistance in (he former might tend to bring abnit tliat selec¬ 
tion among lIip parasitic through which hicck of greatly augmented 
jxmer for Invasion would be prcKlucoiL If ttiis were true, and he 
even suggests tliat the natural procM^isg of weeM^Ung out the weaker 
ouioiig the human race tends to Lhii* result, ihe pamaite xvould try 
lo keep up with the ho;st as hb ri'idstance increased iiniil a \tomt 
naiclied i^yimd which further enhaneernejit nf power was impo^jble. 
Would the higher animal or the lower vegelnl>le organism finally 
claim the victory? We need perhaps at this moment not to rehi:t our 
efforts to Eichii'Ve a pi'flrticol iiiiJiiunity for man as well ui? for animab 
i)ecaiif5e of this future danger, T a ns not aware thnt th(» -•iiiinlliKJS 
p'rtii bus imiruaswl nii>[isiii^b1,v iti viniltnce sint'c vacciaation lH*€iimo 
f 3 ?npriil. hiu t \^'ouW also iidd that a century is n snuill pericHi af time 
in the life hislory of any livitig orgniiisnu 

Ik^forc clositig this address 1 shoidd like to refer briefly to the new' 
Interest winch has been excited In (he use of tuijerculin in the treol- 
uicivt of hutiian iubemtloais l>y naison of the application to llie study 
of tul>erciilods of a met h oil introdiuxNd by A* E. Wrighlj of Lrondop, 
whert'by it la held that (he exact elTect of the ttiborculin injection can 
he ineaaiiretl and controlleth The method roiisists in the delerminii- 
i hm of the capacity of the bloofl leucocytes to take up tubercle bncilli 
when the blocni and the bacilli ai'e brought together outside the body 
in a test tulio* Wright and bin pupils have worked out the normal 
power of tin? blood to eaiisc the englobing of the bacilli: and they liave 
noted a diniimitiou of this capacit}' in llie blood of many pci'sona suf¬ 
fering from toberctilosis. They i^[xaik of this cnglobing capacity 
of the blood as opsiinir inde.\,'^ from the word meaning to prepare— 
to cater for; Binci» I lie l>ucitM must first be prepared by siibsta.nces in 
thi. blood tem oj before llie\ can be Lugtsted by leucocytes. The iti- 
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jectioti of tuberculin, when ciitjtiqn^ly dono^ tends to brinfj nFxiut a 
rise iij the tuberculous, of the *Si]>soiiJc ludes,’' which Wright be¬ 
lieves is a Dieosure of the good done, ns an incren:^ ii> immunizing 
substnnces in the blcHxI is the cause of tJie rise, lie also discovereii 
that time is n.a]uin?il for the of tlie rise tiiid that the im¬ 

mediate result of the mjeetion is a full of the index—so-caHed neg¬ 
ative phase. This latter must be {yemdtted to pa,^ away and lie 
succeeded by tbe positive phnse lief ore another mjeriion is given. 
Gradiiiiliy the opsonic index’* la driven up in the ea^cs that Jti'e 
favonible to tlia treatment, 

I do not uiteiid to dLscuss the value to tiie cUnlcian of this interest¬ 
ing method and Wright’s obserrations leased ujwn it. The subject ap¬ 
pears to me to be one of great intricacy and Lberefore to lie appimched 
in n spirit of pmper criticism despite its evident allurements. My 
[>ur|>ose in oientiouing it at ail is to bring again to yqur attention a 
method of exciting the tuberculous body to put forth nn effort at i^lf- 
immunization wliidi is sometimes efEcicut to a marked degree. It h 
not the injected tuberculin tiint accomplishes directly the ehanges in 
the condiliQU of t!ic paticutt for there already exists, doubtless, an 
vxce^ of similar poh^ms in the tiiberciiious foci in the Imdy, The 
healthy body, indeed, doe^ not react in this manner and is not to be 
protected, enduringly. from tul>erculous infection by a previous treat¬ 
ment with mtaiiTulln. Aa Koch’s phenomenon shows the tuberculous 
nrg:iiiistn to have developc^i defeiUfCs against ^ubsequenL tubt-rciiloiis 
infection which the iiortnal body doe^i not possi^ in equal degree, the 
employment of tuberculiti indicates that the diseased IkxIv can Ix^ 
aroused artificially to put fortli a stronger effort tlian its unaided 
natural forci^ enable it to make,, iu order that the disease may lie 
overcome. Herein resides a great principle^ an immeteso power for 
gtmd. and. conse«]uenll>% u great ho[>e for future prugresc? in the 
ratintial and ijpecifie treatment of tuberculosis in man. Efficient 
efforts at suppre^ion of the causes of tidwrculosis, deeiwr knowleilge 
of the principles of bacieriol innmulutj% nre the two forces which in 
time may stay the ravages of the “ White Death.’’ 
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THE Alli OF THE SEW YOliK i^UBWAY PRfOK TO iSWts,- 




INTIlOUrCTXO^. 

Tho object of this pwper is to record ssome hitlicrto iiopiibli^licil 
concerning tho qnaLity of tliu air of this Xow York stibway before any 
material cliango was maJo in its vetUitating iirratigemcnta, and t« 
iseck to explain the cissentia] conditions whiuh toiitrolkil it. The 
investigutiuti was made liy tne in 1005 nt the rwiuest of the Board of 
Rapid Trensfit Hailronil CommissionenH for the city of Xcve York. 

The printipal (luestioiis investigated feinted to tcnijjennurc, Inj. 
midity, odor, hacterin. and dust. The conditions found in the sub- 
way were compared with the conditions found in the streets through 
which the subway nms, and occasionaliy with (Mnditions in iHher 
plactas. 

In all, there were about 2^00 chemical analyses of air, ^fiOQ deter- 
niinatiohe of bacteria, and alwut 400 other analyscf! in special stinlies 
of duats. oik, disinfectants, and nthei- sntjstaiKVB. About 60,000 sep¬ 
arate dclemiinationa of temtwrature and Itiiniidity were made prior 
to the adoption of n system for automatically and continuously re¬ 
cording temperatures throughout the length of the subway iind in 
the stn^ete. 

The methods employed in studying tlie dilTereut topics were, for 
the most part, such os had Iwen used In otlier sanitary and meteoro- 
logicul investigations in which a conaiderablE degret' of acollracy was 
required, h is noi olaimed that they would have lieen the l>est to 
adopt in a purely scientific research. It was necessary to design them 
for practical as well as accurate use. 

For the most part, the air to ho analysed was collected at an eleva¬ 
tion of 18 inches to 3 feet almve the pavement. This height was 
decided on a** the moat convenient and suitable, after an attempt had 
iieen made to collect it at the breathing line . Only by taidng shm- 

s Rend before the Society of Art*. Bomoti, Novcpjher •±t 1000, AbrldRcd, by 
penttlMlon. froin the Technology Oimrtfirlj hdi) PrecewnnEa of the Socletr of 
ArtB, SlawnclutBrtta Tnntlmte of TecHiwloKy. ifostoii, Jiaw Voi XX Ve i 
march, KKlj. pp. CS-llS. 4, 
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plfii near tJu* gi^iiiiic] uus it p^k^tble to nvoitl tilt meting curious 
I'mwilii of jiersoiis wIkjsc pretjeitce woiilrt hiivc n*tittered the stimpics 
VIIIutless- Te^ls made of air fi^>ui fJiffei'ent elevutiotw indiciilLN:! that 
HO ^ubutniitial error was made in taking T^arriples oedr tlie pavemciil* 
Very few of air were token In ihe Persons familiar 

with the auulitioiiH of crowding in tlie cars of the New York sub way 
at pniitieiifly all hours of the di\y wall appreciate the iucoiiveriieitoe 
w ith which delicate an<1 bulky scientific appunitus wnild Iks u^d 
uiuung |jers>oiii> bianding as cks^ togt^thcr as it w’qk phy^ii^^ally pos¬ 
sible to stand- Fiirtlierniore^ Uto rpu^iiim at issue was not whether 
tlio pa^ngiws in the cars ohtaiiied good air ur nolj but ivliether the 
air tnilHidc the mrs was satisfaetory, 

Tlie part of I he mad w hich was in operation 1 1 tiring the perifKl of 
this investigation extended frntn the lower end of Mnnhattan Island 
iiorthiviird to Ninety-sixth street and liixaidway. where* il dlvidetb 
one branch eontinning along Broadway to Ons* hiLndct>d and Hfty- 
iH.weiith street* and the other eofitw^ard and nonhvriird until it cros-sed 
under the Harlem River and reached that jmrt of the city known us 
(he Bronx, 

Nearly all of this road was undcrgrounib There was a short,ex- 
iKiCtion of a few blocks covering a viillcy at One hundred and 
twenty-fiflh street, and iho branch to the Bronx* after enisling the 
Harlem* soon einergt^l upon an elevated structure^ tvhieh it i!iil not 
leave to the end of the line** but tjie puH-s iif tlie subway which wens 
tmt iindergmuiiii not considered tn this investigntion. 

The length of tiic rond, aimut 21 miles^ and the rather wide variety 
of conditions whicfi ifceiirrial in it made it desirable to cainlitic the 
invesligntion as far as practicable to a tv* p resent iitive sect ion ^ 

Tlieri! was no dUBciiUy in selecting this Hcx!tinii, I'he rtiad liel ween 
Nii]ety-sixlh slretrt and the Brooklyn Itridge waSu in every respecti 
I he iiHJst importariL Further on in this papi*r it will he sliown that 
tliis sect ion w^as divisible into two parts, distinct differences Uith us to 
details of consimetion anti tlie iTOndition of (he Jiir lieitig iioticepblis 
l«'twcv*ii the part iiorth of Fifty-iiiiilh slrert tind that soiitli- 

Nearly all the studies recorded in ihis pafier* nxcefst llio^ of tem- 
IH*niture and humidity^ refer especially to the representative sectinn 
iKUAveen N inct^'-ijixLli .Ktreet and the bridge- In njiuiy however, 

they have a luudi wider npplicatioin 
llic length of the section was about 0 miles* The cubic air s|>ace 
included was* in round figures, 26.100*000 cubic feet, including the 
sta linns. 

The seirtion was four tracks wide, excepting a piece of tunnel which 
ran lietween Forty-second street and Thirty-fourth rtreet. Here 
them wem two timnelK of two tracks each, miming side by aide, cut 
through the rock. 
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By ihfy 4 * 00 tmct for coiintTUCtion Irani that it was 
when the nwid was tiritigni-ci, that it shnukl br ea-^ily licoissible, light, 
dry* deaiu aiitl well ventilated. It was largely tii atMriiinpLL^Ji these 
Uiat the rEJiu! wan built m close to the surface of the siitreetit as 
|jhysivtd coiidiiioTiii perm it ted. 

MucJi cart* wak taken to make the subway dry* It was declared to 
1m* the I'ety^ ei^Uicc of the spccificntions ” for conidniction to secure 
u stria; hi re which should bt' entirely fn.'e froni Lhe inwai^i] iierf^ilation 
of ffTound or outside water. 

7'he HKjf of the sfibw’tiy was so close to the level of iJie streets that it 
W'sis pot^iLile for tlie liiiiJders to make eslentiive use of vaidt lights for 
illntniniitifig llie staLions with uatUnd light. Full lulvautwgi* wasi 
taken of I be [>oieiibititje^ in this tlrnt?i*iioiu The art'ji i>f tlie vault 
lights at scHiie stations was so great that little artiJicial light was 
empInycHrl* excepting at night 

Ineandestxnt lumps were the only imlficrial Ughts used except for 
signals. 

/VhciViW-s for —In constinicting the road, jjrovisions 

for keeping the subAvay clean w'cre carefully carriod out at the sta¬ 
tion-^ TJm' passtmgcir platforms were mride of wiuent a ml the walla 
of tile, the juitds and tiiulditigs lacing wurli as to permit of easy clean¬ 
ing. The stairways wem supplied w’ith iiafety treads, whieJi collected 
much j^lrt.-et dirt* thus keeping it from entering ibo subway^ 

Pnnision was made in the original design for a concrete roadbed^ 
which wnubl have euabirri the road to be kept clean between stations; 
but lEiodifuiiticuir^ in the contratrt. after it was let. resulted m the con¬ 
st rue l if m a broken htonc roadlM^tl, from ivhich only comparatively 
hirgi* particles of refuse could be removeiL 

nie subivay w^as ventilated through the i^Uiirwajs at the statiotLS 
and cUroiigb I plow Uoltis in the ronf. Excliaiigra of iiir Im*1wccii the 
Mubw*iy and streets took place diietly by rea^n of the movement 
of trains. 

The sidjway wa?* about aO feel wide anti 1& f«*t high on the fmir- 
track sectiuii lietweeti BriMiklyii Rridgo and Ninety-sixth i^lrret, and 
the cross section of a car occupkni idKUJt 11 per cifiil of this sidiwiiv 
section.. I'ho trains were from 150 feet to 403: fet^t long. 

Tlic riund»er of pu!?^ngcrs in the cars variwl j^ojiieivhat at difTerent 
hours the day^ biit the airs were usually crowileiL There were 
fifty-two seats in each car^ mid when the ais]e.s ami phirfonns were 
fillofl tije ttilftl niiitdM*r of pai^ynjgcrs per car mti^'d from about iLo 
to 140 . The densest crowding occurred in the rush boura when jjeciplc 
were going to rind from their work tiud throughout the length of 
that portion of the subway which was selected fnrcIo*«!St ol>!iervaiion* 

The numl>er of ears |icr traiu* the number of trains per hour., and 
the speed varied at different hotir^ The local trabis usually coii- 
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of five oiri^, wid rnii nt ii exdu^ve of stops^ of about 21 
miles per lioiir. The express ttmijis geoendljr consisted of eight ears, 
iiud mil at a rtite, exolusivo of stoj*iT of nboiit 26 unites pt^r hoiin 
Tlie totnl noruber of p[ts,seEgers {.Tirrietl in the sulm iiy, as initieHted 
by an oftk ifil statement of llm ticket saLes^ averaged, for tlie IilsI; two 
mouths uf 1005, 44t>,UOO per day. There were about twice ^ Juimy 
passengers carried in XoTembcr urn] Diajemlier ns in iTuly, 

As a tnnn nioveti through the siibAvay. air %v!ih for<a?J aliead of it 
uiui air followed iL As a role, a gmieral enirent fkiw^^l along the 
tnick on each side of the subway in Uib difeetiou of the train move- 
ment, and these ciirrenls (xuiliuiied even when no iraiti was within 
hearing distance. The important action of a train was to put large 



TaMatloT] to, triqprinilurr nol:#il, with a ff^»llL hI hfmifvmpt^r ftuil 
tnln m.-ai'iiOutfit. Tliii imjilt qrmw* «hdir tSl’ uintriBifiil nC UkAL ihr 
liPS® ”f Hrpr«w!» tTBEnn Id 4iOHTfil«iL Tlt^ la wtre due laitr 

nirmali mcl ap by trB.liuL 


volunii?s of the nir in motion* li\Tiere stairways or blowholes 
ctirreil and offered lines of diminished resistance, the air rushed out 
dii'T>ugh them as a train approached and rushed in as the train 
w^ent by. 

The difference in barometric prtissuro necesiftarv to np the^ air 
rurrents w ns exceedingly slight; the effect, of friction agningd the walls 
and pillars of the subway and ilie s^iiles of the stairways consiilemblc* 
A great pan of the force with which the uir currenL^ were set in mo¬ 
tion was giwrally used up in fstidica about the tmins. The rest was 
useful for vontilatjoh. 

The movement of the air depended upon the speed of the nearest 
train, the movement of other trains in the vicinitv* the and lota- 
lion of die neighboring openings to the outside auv the size of the par- 
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ticularemsa 9^tion of the subway with referenco to the ^tions of the 
iiioriitj^ truini?^ the force and direction of Hie wind hi the ^^reets with 
reference to the position of the stairways, the difference in temperfl- 
ture inside and outside of the ^iibway, and other condittoui^ 

The chemical analyses of air which were made gave data from 
wlueh the frequency wdlli which the air was renew^ed cotilj hare been 
ctjmputeil Inid the number of pa^iigurs ]>re^nt at any corresponding 
time and part of the subway l>een kno^vn. Accurate information on 
this subject w'as not. howerer, obtainable from the Rapid Transit 
Commission or the ofwniting company. 

(tlmTvatiom? with anemometers were made at n number of siations 
nil several oceasioiis, A-h a i-^nlt uf seveniy-nitje of these observa¬ 
tions, covering, in tlie aggrcgirUr, two Iioni^s and thirty-five mi nates, 
made at eight stations, it w'as cul^ulsled that an average of 57^,000 
eybie fet='i of air had moved in and out of one stairway per huur» 
This was III the rule of ^/iQO cuhic feet per minute. 

The maj[itiiuni movement of air observed wioj when cubic 

feel passed in at one station in one inimitc through a single stairway* 
Tile veJocity of die current on tliis occasion was l(5§ miles pi^r hour* 
I'hat the air circalotcd fiwly fn>m one station to another was 
slftHvn by COh analyses (to Iw referred to Inter) and by noting the 
time tjaat it rook an otlor to pass from one station to anothen Cologne 
of a higlily concentrated grade* and in siiiRcient quantity to pnahire 
a distinct iierfuriiM throughout the uir of ti staLinnt was used at 
several fioiiih) and the odor notio:] up and down the line with the 
help of investigators with stoji watches* Care was used that Lhe 
cologne should nut he Innoferported mechanienlij by coming in contact 
w ith the trains in liquid form. 

Xs a of eight cologne expcriinenta, it w^as found that the 

odor was curried from station to station at the average rote of i>7l 
feet per udniitef or about liM miles per hour. 

Tlie ventiJatiem of the subway bears an interesting resemblance 
to ibe ventilation of tlie human lungs, niid it will help to understand 
the former if we trac^ some nf the details of this anidogy* 

'file ventilation of Uith the suliivay and tlie lungs h due to currents 
of air [>:issing inw aid and outward as a result of changcw fif pressure, 
eauscsl chielly by the e.vpansion mid contraction of the enclofied space. 

It b true that with the lungs the size of the endose<l space m alter¬ 
nately enlarged and redpcctl through the movement of its wuHh, while 
in the subway the size of the enclosure is increasecl and diminished 
throiigli what is termed the piston action of tlie trains; Ijut in other 
resjx^ts the similarity is close. 

Ill the normal amoimt of air which paj^ses out of the subway on the 
approach of ii Iwal train, and le replaced by an indraught of fressh air 
the train draws away, we have wUut physiologistis, in speaking of 
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Lh<? vcntilutiiiii i>f Lilt? Lutij4^T ^^tidiil nir,” Fn th*? udjilitiiiiil 

qiiiijitity whitdi L« ilniwii in l)y llit- expn^ss tniin.K^ wfl havi* the* “com- 
|klini4^ih{til Mir.-^niid in whidi is forci?d mit l>y express tminn 

the *- h?serve or r^upplenu^iital mv^ 

TJii^' thriH?, die tiduL conipliiiientsU sttid ^uppWmetttiiL we miiy 
term die "" JX'ispiFutory nr ventiJtitiii^^ eftpueity nf the suhwnjr. 

Finally^ there b an aiiinunt of air whidi remains in tho. subwny ami 
IN nol jiiiini.H^liiiUdy foreeti iiitn tlio streets by any eoiiibination of locjil 
and exprt'ss trains; this we may call the residual air,^ 

Tills lerminiiUi^y is appivpriate and convenient for general pur- 
jMwes, and it ksng^^sted diat it should emnr into use amon^ ventiJnt* 
mg and sanilary experts in dealing^ with ventilation pt‘t>ldeins of 
mndi less strictly jiliFsiolugieal dm meter limn those to whieh It has 
hitherto been confined. 

TESirEllATt'ttE ASn lIlTMlUtTV. 

From an early jieriotl in die construction of the roioL un effort had 
Jkhui nmclo to obrierve the teiii|H»mtLjre ami hinniilily at a iiiinil>er of 
|K>ints liy riiwiriN of autuinatic. is^corilln^^ thermometers. Later^ when 
the aiiinitory i^iJiKlUions wem Uviii^ luinle the subject of invotigathuH 
llitise recoriis weri^ critically exaininod ami the ohsorvalions j:^ut nfjoii 
u more exact ha.si>L 

i"lir{>iiglioiit die six months' investigiUion widi which this pni>er is 
B‘c>niV'ri3ed the subway waN gejiemlly warmer than die streets* The 
only exceptions were ivh+si the ontsicle temperature rw^e mpi^ily after 
a |>roIaiigei| low jieriod. This tisituilj occurred in summer in the 
luidflle III the day* and in winter after a txild Niiup, 

I'he excess of Kiibway temperature over outside tcmpenitun^ in- 
crvasetl coriNidembly during the autminn and winter months^ In the 
early part of July the ddferetiev t jet ween llie leiuperatiire for the 
wiioU- day innide and outHide of the suhwav was Ions timn Xu the 
latter part of Sepleujt«?r it was over 16“. In Jnruniiy it w«s at some 
statiuiLN about 30®» An aviTage tlaily diffenuttt? for a wc^^k of 30“ 
was fiiimd at one station. 

The subway pvw waimer as the summer iidvaiiced. It iivefagtii 
thnjugh ffnlvp iSHlfi* In the wwk of Aujrust 4 to 10 it was S3.4"l 
Thereafter it declined very gradimlly. until the latter part of Soptem- 
Ijer, when it was 7ti°^ 

111 the week of !4eptoailM>r to October 5 then? was a slight rise to 
corresiponding wdlb a rlsi?: of tenipe rat lire out of iloors. This was 
follovviMl by 31 mrire rapid decline than hml ot“cum^c^ at any time (be¬ 
fore. 1 1 iiooinfuriably high lcJu|)ei'atures were nol again ex[ierieiie^Hl 
in 1W5, 

During its hottest faTifal the lempratiire of the suliway followtsl 
the Umiperature of die outride air, except in the more extreme and 
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mpld dmagps of ths iRller. Thi.^ h V» Lm^ niud-i 

niiirkcd when ihu datii for inside and outside an? doinpured in the 
fortn of wct^kly und monthly averages* (See Hg. il.) 

Tlio lemprt.imture in die s^iibway for t!ie <luytifii€? for duly and 
August* coiiibitiiug the recanis of these two niontliii to form an aver- 
iign* ttOH S"i.4°: It was TO^S® outside; liidereiiee, 

in trnmnn'^r o/ — TUit liighest tom- 

pii^mture oljserved in the subway during tJie investigation wils 95*. 
This occurred ut the Brooklyn Bridge ataLion, July 1% at 

S.r>0 p. m. 

Ttie hottest weeK was ttiwt of August 4 t'> 10, inclusive. The aver¬ 
age <laily tcmiK^rtitiire for tlift subway during this time wag §3*4®; 
for the outside air, 18/2^; tiittereiiee, 0 . 2 ®* 



Fm. il .—WwklF a¥^mfK t£iDp«raturc.-* In tbjc- ituEiv^iij ifj4 vtrm# tr^ia JiU^ 1ft to 
Xor^mbor la, T^lW livtrttjrni Hnf HuJe Up M 4T.4Te$ tKUiwrvrttluni. 


The maximum tempirrature (iliserved in the ^ailiway during this 
hottest! ww^k WPS ; in the sti^eets it wns at the ^nie time* 

The express statinust ^ith the exception of Ninety-sixth street, 
whidi was exceptionally open to the outside Ptmo^^phere^ were all 
warmer than the local stations in their vicinity. 

Tlie coolest stutiuns wert^ thoi^ which were most o|H>n to the street; 
the hottest the most closed* 

Tlie relative humidity in the inihway wafi generally less than that 
out of doors, hut tlie tcmpnitiirc of the dew point was higher. In 
othi*r worK the actual weight of ac|ueoiis vapor present was greater 
in the subway than outside, but it appeared to Ik^ less in the subway 
than in the streets. 

The humidity in the subway varieil wiih tJie liuniidity^ out of doors, 
(tfee fig* 3.) 

There were iiii fogs uor tnLsts in the subway* A faint haase was 
not uncoimiion. 
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Thy itvenigG rylkitiv« humidity for tho ±»iibwiiy for July unci Augiist 
was 5Ti5 per eent; for the outside air, 60.0 per ceQt | differenee^ 3-1 
per cent. 

"[’he greatest avenige relative Immidity occurred during the week 
when the averagi^ teJiipM^ruture was highest. During this period the 
relative huinidity uvei^ged i>tA j^cr 



> [ft,. Jtr—W’lTT'klj BT-{^ra^c hamliJItjr Sh ttp^- ■ijlmfaj' biliI from Jnij ai 

KaKHklwf 13U UKKV HlTErmfl ans up of 47.4^4 obi:cmltlvii& 


VilEMICAL tXJNUlTJON OV rtJK AlH. 


The chemical iin]ily»i>=i of air wen? confine*! cliiefiy to detcrmina- 
(ions of curljon dioxide^ for it was thought that no other test could 
give such 11 currycL knowledge of the e.^tent to which the air was 
'iHtiuted by respiration, and none could be made on *?uch a large scale 
ns was wanted with so little prolmbility of error. The rnethod of 
aiiulysis was accurate to witliui .03 part per 10,000. 



4. BTicHigcr rarboD <ni>XUld fdi- tbe inbpBj Bufl. ptml4 fnMM Jtiiy lU I 4 

liwisculwr M, IIKK-S, liicludicc t.ttS antvnnlnmElimjk 


About eighty j|j|. analysed for ovygcn+ The differ- 

ence lietw^cen the amount present in the Bubw'ay and in the streets 
s^nied ISO slight iind uninstructive that the determinotioris w'ere soon 
discontiniicfl as u routine procedure. 

Thy carbon dioxide anal}'^^ produced results from which I de¬ 
rived the following concluaioiLs: 

Hie jivcmpt- aiiiDunt fif t*arbon dioxide in the subway was a little 
larger tliitu in the air i?f the st«etts. 
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ThL^ aYeragt of nil rcsnUn was* for the -^ubwaT, 4,Sl Folmnes per 
10^000 ToluTDCs of air, and for the Mtreefc^, 3.^7 ; dilfertnce^ 1-14. This 
dilTerence must be rq^ardecl as veiy sdighl- (See %, 4.) 

The frc'qiieiicy wUh whidi the nir was renewed could not be ac¬ 
curately calciiliited, for the reason that the number of passengers 
(mveiling in the stibway was not known. 

At no time or place was the aruouut of carbon diosdde large* 

The greatest umount of carbon dioxide found in tlic siibway was 
8.8D. Ill is tK'Ctjrred in the tunnel between tlie Grand Central bt^tiou 
and the Thirty-third Street tdationf on I>eoembtir 27j 190 ^^ at 8.02 
p. m. At the ^me time there was a block* dnrmg wbicb trains were 
stuLJed at all piiints in the vicdniiy^ At the adjoining stations of 
Thirty-thiid street and Grand Contml!. the earlxsn dioxide was highei^ 

NJ0HT 


FieL Al— lluLirly ifnrlBtj0Di in tbc iiiB4Dat at earhuEi 4lr3BlLt^ He thi! hlr tha falintyr-^ 

avroiif? uf 1,:*44 BlHiljpi-i. 

til till iisuaE at the same time, the amount at Thirty-third sti*eet being 
7.&4 and at t^rand Central 7*37. 

The carbon dioxide in the subway varied according to scasonf hour, 
place where the ^mplo wa-s collected. Mid other dreumstanccs. 

There was inori> carbon dioxide found in the autumn tliaii in the 
fiumnier or winter. It ijeemed likely that this was explainable largely 
on the ground that many more passengei^ were carried in autumn 
than in silmincr, and that in winter there was more wind in the 
streeU and iJje subw'ay, increasing the amount of vimtilution. 

The amount of carbon dioxide varictl in the subway at different 
hours of the day* {See fig. 5.) Th^ irregukriticH correE^pondeil 
with the irregularities in the amount of travel which took place at 
ditfenint hoiiniv 

Ti is interestitig to note that periodic changes in the amount of 
carbon dioxide occurred m the streets. In the streets the carbon 
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rlioxkJe wBiif liighc^t bctwci^n A^O and li p. nv. and low&st 1 >e tween 
1 and a. in. Tlie ainount liicr^ased from n minimum in tlie early 
niorning Imnrs to alxiut D a. iii. After Uii-H tliore was a fall to nbtuit 
1.30 (k iri.^ followed by a rise to the bighei^ (MjLnt of the day, wliidi 
fiicotirted Ijeiwecn 5.30 and 0 p, ni. (See tL) The avenige raiigu 
of CO; oiitsiile, nii di^lennitied by bourly rt^iiUs, wiLs 0«8 jiart per 
KJ.tm 

In the subway the greatest amouiit of carbcm dioxitle for the whole 
day also ott^iirretl l^etween 5^30 und h p- tin Themilter thew wits n 
gradual fall to the lowest point, which wm readied between 3 and 
4 rt. 111. 

From tlds lowest point the amount iiieHiO.wd steadily to ab{)ut 9 
H. nn^ after which it fell irregularly to bet ween I and 2 jn m. 

Tbe average for tlie whole, day ligrml closely with the nvuragt! 
l>etwc<'n 1 and 3 p. m* 

In I be late n fterncou there Was a rapid rise tcj tbe iiiaxiiiiiiin h r 
day, ivliieb was ri'adunl at iiljoiit p. nn 



ITiij, +1,^—Virlittott la %krr ftra&qut of rtTlrtp 4lo:iUt$ in IhP ■nbvAT' m.Bd mirmH »* dft- 
tercpltiPl bj liourlj iiiiKJy*««—ftWracw l*rita iLUHl^«€*. 


The sampler of air wbieh were atialysted f<jr oxygen were collected 
from a,, m- to 5.30 p. nn, Iwtvreen the Brooklyn Bridg?' and 
Ninety-Hixth Street slot ions. The avenige amount of oxygtHi found 
in the air of the street.’^ was ^.Tl per c-ent; in the subway. 20JptJ 
fa^r cent ; dilTereiice^ OdL [ler cent. Tlie iiaist iituount fuiiiid in the 
subway w^as t!0A*A per eeut. 

BiACn-RIAL CONDITION' OF Tit^ AIB> 

Tbe studies ronceriiing tin- mici-o-org^nisTus in tbe subway related 
chielly to tla? numlM?r and origin of the bacteria and nioldi^ II w*aJi 
not practicable within the time and scope of tho iuvi^stigation lo 
dcleriiiine the varioie^ si3K?cies of Iraeturia prcaamt. luit the siriiii ipul 
ftoarew of many of them were investigated indirectly with fairly 
sidisifactory re^ult^. 

Tlie lmcu«ria wore colleclttl by nUtm’mg thrtii to fettle from tbe 
lilt oo circtikr plote, ui- PurL ^ indies, or «bout 1* cm., m 
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iliiiniGter, contnidinj^ a KtaiiJni^ culture medium (see fig. 7), 
and by collect intheiu from the air hy means of sand filtem. 

Beside the routine ealimatci^ of the nninbc^r of bncietia re<Tovered 
from the air, special stud lew wej'e nnidc of the length of life of the 
pneumotion,"us in the jfijliwiiy, the niunhers of bacterju iii subway and 
other liusts^ the pet ion of lubricating oil upuii bteterbu the kinds of 
molds prei?ent, and the efficiency of varions cotumercial deixiorsaits 
and genoicides intended for subwnj- use. 



rio. I.—Colifflkvn of itKkc^^rln im a for mitintps at ilw 

Grima L'patml ffubirjijr atKlIaiL 


kf:dULni+ 

A careful exauiiiMtlon of the biicterial tiata ci>Ueet(K] in theso 
stinlic^. esicppling the daita which relate to the du_su has Icfl rue to the 
following roncUisions: 

Tllel^e were, un an avenige, more thflO twice ns many bacteria found 
in the air of the streets as in ilie air of the subway, eAi'epting after 
raini^* when fewer were found ontside than inside. 

The a VC rage numbers of bacteria which settled from the ftir sn 
fifteen rnimitcs. and were subsequently enutoerated, wa^re, hi the siib- 
w'a>% r*0Q; outsiiloc 1 Jl»7; difference. 057, (See fig. S.) 

Tlie aver^tge number of bacteria found by fflteriitg the air wa.^ ZSOO 
fjer cubic meter in lije subway and 0*500 in the streets^ difference, 
3 , 300 , 

The molds recoveml from the air by filters were almost always loss 
numerous in the subway than out of doers. The iiia.^iumni iiumber 
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of molds found wjis LlOO per cubic muter. Tbu> ubservation was 
nmde in the tunnel under Central Park, 

The avuraf^e ruiiu of molds to buetcriut iis deienoined by the obsur- 
vatiotiK with filters, was 1 to 40 in the subway. 

fJte wind in the streets had a decided effect upon the numbeta of 
bacteria collected from the air. both inside and untstde of the sub¬ 
way. The ttveroges sliow that five ttinus as many were recoverable 
frixji tlie air in the streets with n wind of IS miles per hour ns »vith u 
wind of it niileji. 

Xo attempt was nitide to idenlify the difTerent kinds ttf bacteria. 
To have nndertakeii to name the spet-ies, even w ith ti great deal more 
time than was available and a special corps of bacteriologists, would 
probably have produced little restdt. N^evurtlieless, the iroticlustoti 



Was reacliGfl that roost of the bacteria in the subway come from tlie 
streets. The pririetpal reasons for hnlding this view follow; 

,1. The numliers of bacteria recovered from the air of the subway 
varietl with the more dei'ided changes in the streets. 

9. The liatrteria were more iiiimermis at the siihway stations near 
the stainvays than at the remote ends of the platforms. 

3. In the subway stations, the biitrteria were tiinre numerous on that 
side of the road toward wliich the wind blew than on the ojiposite 


1. There were more bacteria at the arrival ends of the platforjus of 
the stations than at tlie tlcpartiire ends, 

r>. Street dirt, probihly mntaining largi- tiumliers of l>a(-teria. was 
often carried down the stairways into the subway by iumshing cur- 
T^ut6 of air luid bj llie pa^euw^ ^ 
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xllthotigh It soemefl likdy from reafions that most of the bar- 
thrill in the air of the tfubway wrre di^ivtHl tmm the struts, therts 
was grodtid for ct>nrludiiig that iKtmc* and among thrm objecttotiahk 
kindt^i were due dircetly to the prci^ncc of the p^oph, Tt vi practi- 
really certain when eniwdE^ are pucked tijgrtlicr, iis they often 

were Jri some ^taliotLs and inn^t cars^ tJnvt daiigemus barter!a are, at 
\m^t: oceasiontilly, imn^iiiJtted fixnii per:wn to person- An obrioiiat 
feature of ihisi danger lies in the fact that people t-alk, cough, and 
^^eeae into one another's faces at extremely short runge under such 
tuiviiUL'itaiices, 

'['he numlH^ns of hacterin in tlir iiir of the subway varied with the 
amount of traveL They were niost numerous when the traiiiii were 
most numerous, and few est when the tritius w ere fewest. 

AA^ien tlie trains were hiorked many of the bacteria disappeared 

frran the uir. In one the bacterifl were reduced from 1,BD0 to 

2rj0 in about an hour in this wiiv. 

<¥ 

Tlie effeeL of sweeping the platforms wuth brooms, witUont first 
takiiig precautions against raising dust, was tiore<l. C)n one occasifiTi 
the nnmliers of bacteria were increased b_Y ^sweeping from .ilimil a.OOO 
to IJijOOO, and remained alaive 8-OtX^ for at least thrw-qiiarters of an 
hour—the time cf^vereKl by tlie olnservatioin 

It was not found that an}' haroifiil germs wore capable of mnhipiy- 
ing in the oil w'hieh riripfuai from ihe luac^hiiierv of the car? upon the 
bi\)ken .^toiie hsilla.^^ and w ooden ties of ihe roadbed. 

The hibricaling oil apparently removed and i^ollected from the air 
large numlKTS of taicleriu, niuny of which soon ceased to exist. 

The pneiimoctK!cus was foiind capable nf retaining its vinitericc in 
dried ffputuiu in the subway for tweniy-tlm^ days. This is in marked 
contrast to tlie findiugsof WoeKt, wdio ri^ported that the pneiiniococx^us 
was killed in four houni in sun light. 

With few- exceptinufTs there were not so niariy bacteria in the air of 
the^ toilet rooms as in the re*it af the subway. In same i.^ses the num- 
tx-rs were much gn-ater. 

The proprietary disinfectants upcnI in the toilet rooms bad nogerm- 
icidnl or deodorizing value, Ftirtliermore, they prodnred counter 
odors of a peculiarly implea.sant Lil^amcter. 

The nnnibers of bacteria recovered from the du^ of the subway 
averaged 500^000 per gmm* 

Tbc largest number of baeieria found in subway dust was 2^000*000 
per gram* Still grejiter uumbers proliably could have been found by 
selecting the specimens of dust tow ard this end. 

For caamparison with the numbers of bacteria found in dust froni 
the jsubwflyi it is jutoresting to note that dust w^hich bad accumulated 
under simikr ctrcumstaiicc^ ill a Broadway theater conUined 270^000 
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bnciteritt ; in a new and fafilnotidble: hotel, S60,000; in a well-krif^wn 
Fifth Avenue churtrlu 3^i0,000; in tlie tallest office building in (he ciiy. 
85(l/)0(i; uiid ill tile quiet attic of a countr 3 ’^ lioitse one hnndml and 
fifty years old^ 110,000 bacteria jwr gram. 

Duit which httfi accumulated in ihe subway cnntainefl over twice JU4 
iimTij molds as dtisl collected in out^du buildings, tn the dusts the 
ratin of ixicteria to molds was &0 to 1 for the subwai', and 2iifl to 1 
elsewhere. 

OIX>Ki. 

(Wars were more or less prevalent at all times and at nearly idl 
pliiccB in the ‘fiibway. In some cases they wen; sc> faint us hardly to 
lai noticenlde^ in others veiy decided. 

The tdFecis nf the odors upon the passengers varied with the sensi- 
tiveness of the iiidividuah To some pesrsons thc^ ndors w-ere exceed¬ 
ingly ulTeiisivo, to others they were barely nnticeahle; iiiimy pas- 
sengi*rs stwni became used to the odors and did not serioudj" object to 
tiicm. 

Tti jiersons imaccustomed to the subway tbe odors were unpleasant^ 
and suggested that cnndilions exii^ef] which were injurious to healtlu 

The ikIoii^ wciiG uiciet apparent during hot^ dump weather, at placcsi 
wheiT the greuiest craivding occurred and where the least aniount of 
vent i tut iou took plaiv. 

Odors were fur more often otTen^ive in the ears than elsewhere, 
e^ipeciully in the full and winter months, wdien the windovva were 
idose<l and llie iiinnl)er of iJiLSstuigers was uniisiially large. 

An ctrnii wiLs made to aKt-a-^rtnin the inain causes of llie odors. It 
was not ptsssible to nnaly^ve them chemically or to uieusure them by 
nlher means than I he sense^^ althongli samples of subvi a}" ftnst and 
air^ when brought to the labonttory. often smelt unmistakably of tlie 
ijnbway. By inspections in the ^siibway and repair shops, by examin¬ 
ing in tlie luhomtory a large number of solid and lii|itid suhstancets 
taken from the sulway, and by attempting to duplicate tlie tJtlorH in 
dwell chamlicrK under dilFerrnt conditions of ternja^rattire and hu¬ 
midity, some of the cauia^ nf the odors were distrovered* 

The following concliudons arci in my viewn, jnstitied by thesa 
sliidteiti 

Tlie stone l)aila.st of the roadbed wau responsible for part of the 
oclor. Tills stone was made of broken trap rewk. and its pt'onlinrly 
slaty odor ui tlie wann aiiuospbere of the subway was immistukable. 
It could be most easily distinguished, c^petdally at the ninre i>p*m sta¬ 
tions. on damp days. 

Frequently ihe i^dor of the trap wa^ masked by other odore. 

The od usecl m lubricating the wheeU and machinen- of the cars 
was one of the principal cau^ of odor. Large quantities i>f this oil 
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%vpre allowt'd to tipip from the machinery upon the ballast and ties of 
tiie rnadlied ^vhen ilw bubway was first put iti u]icratioti. 

Samples tvf the oil were obtained for ej^perinienU It waa nol 
feiiKilile to determine by ana^lysis its exact compwitiniu but in other 
ways it was ascertained tlwit it was coiiii)osecl chiefly of petroKnim 
anil ti^h oil. 

Tbe qrinntity of nil iiBed in the subwaj' in the first year of operivtion 
WRH Jari^t^r than had ever l>een uwikI on im equal leriglb of n>a<l. 

Milch Ilf the oil and jrtt'ase was healed on the l>earings, and some 
Ilf it Avas vnlatiliKeiL The ear journals, motor armtiture 1 ayirings, Eind 
Bjritt>r axb I sea rings were somclimes raised to a tempei'iUure of from 
UM)^ to ITO^ F. 

That the oil was difftribnted through the atmosphere isf the subway 
was fully demomitriiteEl. It was recovered from the dust by cxlrao- 
tion witli ether to the extent of 1.18 per cent by weighi of dust. 

fMors were given off by the hot motors noting upon vnHoii.*> more 
or less volatile substances other than oil and gresse. Aiunng these 
siifMances were the insulnting muterial covering some of the electric 
wiring and the paint upon l.lie motor eases. 

KliH'tric park I tig prfjdured the otlors of ozone and nitrous oxide* 
The lint brake shoes gave off n [x^enliar ixlor, 

A pungent and mipleasant odor wa,^ produced h^' the proprietary 
disinfectants used in tlie toilet rooms* Tliis oflor was so pc'iuurut- 
ijig that it o'as tH7i.yisionally niitjceable on the streets outside of the 
siibwo}^. 

A strong and disagreeable odor was csinsed hy an oily oemeiit uscsl 
in fastening det'iJrutlve tiles in plate at sfune of the stations. An 
iugreilient of this oiuiient was ii ehi?ap grade of fish oil. In order 
tfi disguise Llie fishy fHloi\ creosote was freely mixed with the oil 
Ijefmx^ mi sing it with I be cement- The result of these intermingled 
mlors was [a^yiliarly unpleasant, Fortiimitely. the iKlor of the 
cement, Eiltliougli veiT p^iwerfnl at first, nipidly disaiip^nind* 

[loi lN>xes, of which there were ii considcmble nimilH?r when the 
road was first put in ii|u^rutioti, at times priKluccd a |>crdstent niid 
suffiwating odor. Wool waste W'as used in pacUing the ear Joumals, 
and when this eanght fire its unpleasant smell could be iljstin^iished 
through the subway for a long time* 

Occasion ally a fuse teas Idown out and its odor distributed up and 
dowri the line. When a fire ocair™h as happened on a few occa¬ 
sions* the odor of smoke persisted in the part of the subway where 
the fin' occurred for a surprisingly long periwl of time. In one 
case the odor was distinctly noticeatile to pas.mmget^^* m the curs 
I>a«$ed the spot, three months after the fire had taken place. 

The odor of tobacco smoke was not miCDmmon at the subway sta¬ 
tions?. Rules existed agulnst smoking in the subway, but they were 
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not enfoPDed, Lightpc] dgurs, rigsreittiss, and pipe^* tri^ro oecasioiiAlly 
curried even into ilm ctirts* 

Odorn from new concrete and fresh paint were often noticed* The 
former wins persistent, tho latter tr^ry^ietit. 

Odorri of human origin werft ^metimes prosentji. but utmost always 
dos^e to people^ They were nio^t common during warm, damp 
weather and wlionj there was murk crowding, lliese udori^ often 
from the dothing of the passengers. It was sometimes j>Cfa'siblo 
to learn the occupation of a workman liy the odor of Iub clothes, 
(hlors of coJFee, giirlie, hod teeth, liquor* cheese^ and perfumery were 
some uf the peraonal odors noticed. 

ITio peculiar otlor givun olf by clothing w^hidi had i)een hung in 
a kitchen was frequently noticed. 

In faerk under the eondltlnns of crow^ding, amounting fi^nently to 
dose pci^nal contact., it seem^ that otlors of practically every char¬ 
acter coniiectet) w'ith Jniman existence were noticeable, 

Lxct^pting in rare instiinccsi, where ignorant eniployccs w'cru not 
kept^ under ns strict sujjervision as their defective of decviicy 
r^nired^ the odors whidi pemieatod the gimeriil nir of tlie su[>WHy 
did not point to conditions dangDroiiji to Jiealth. Personal odor^ were 
fictectible oidy at sliort range- When people ate crowded so dotidy 
together that their breath and other body odors are offeusivct tliere is 
n I ways danger that disea.se may Ije transmitted from one to another, 

^ Tlic toilet roota.s were mudi neglected at iJic time of this investiga¬ 
tion, and often gave rise to an unpleasant local odor* 
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The dust of thfl subway was made the object of i=?tmiv because of its 
unpleaf^jnt fpHturiiss and the pc^ibility that it might plav a part in 
pmrltieing: or a^avating respiratoQ^ diseasft^ Its posaibilitiesj for 
liarin were oon.siden3d to lie in its bacterial and phydeal cum |>osi Lion* 
Tlie dust waa examined microscopically^ chernicalljV and lincterio- 
logicfllly, hy a special method which was devised for detemiining 
the weight of duiiit in a measured volume of tho air, and by mi 
mstnmiPnt for estimating the total number of floating partides 
presentK 


In appearance, the dust was always black and very finely powdered. 
It was eorfjy distinguishable by the eye from dusts collected in the 
street*^ and m theaters, churches, office buildings, and Jiicrcantile and 
mamifactiirmg ostafalidiiuetiU 

The subway dust had a peculiarly adhesive character, which eau^ 
It to attach itseif securely to aD surfaces, even when these were verti- 
^lly placLd and glazed, AM parts of the mlmay which had not 
Wn rmmtly cleaned and painted, or were not of a dark color, were 
sprinkled with this black du^t when the investigation began* 
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The tlust hnd ii jiiArkerl for soiling^ lined und other articles 

of clothing, Straw hats and the light-colored Armenia worn bj 
litjngcrs of both sexes Ln tfiiinmer wen* likely to soiled by coming in 
conlaNTt with even sjnall aecumulatiODSi of the dusL 

When examined microscopicfillyj the dust was found to be oom- 
posed of particles of iiiany substances, conspicuous axnong wdiieb were 
fine, flat plates of iron* In factT these iron particles could often be 
seen i,vith the naked eyc^ glistening npon the bats and gurnients of 
persons who had been riding in the suhway. 

Particles “2 mun long were oti one occa^on taken from a ningnet 
whii h had I>e«n carried in the baud on a ride of twenty minutes in 
tlie cars. By comoHrhjon it was found that magnets hiiiig up in the 



subway eollocted more particles of iron than magnets of the same size 
and ,^trengtli hung up in an iron foundry or a dry grinding and pol- 
isliing establishment. Fig. » shows a magnetic field formed by sub¬ 
way dust* 

The size, as well as the number^ of the particles depended upon the 
place when* they were souglit. 

Many were so smaJl that they floated in the air as These 

genendly escaped notice, except where beams of sunlight entered the 
subway or where tfie subway air emerged fnmi some stuall opening 
into the sunlight in the streets^ under which cincumstanoes th^v glis' 
tened plainly. 

■IIT.SO—as-to 
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Pnrticlea of subway dust, not iron, comprised bits of siU<»» cement, 
stone, fibers of wood, wool and cotton, molds, and nndistingnialiabk 
fragiiientfi of refuse of rttflny kintiij. 

Besides the dust which resulted from the grinding of metals, it 
was evident that the gradual wear and tear of many snbstances in the 
gubwitT contribiitpfl to the dusL 

Chemici/l th^ —Th<! ^pamte diomical ttnalyses 

of ebv(,=bn of ai'cumulfltcHl dust from the subway sliowied the 

following perciJtitage compoyilioii: Tolul iton^ includ¬ 
ing 59.SI> metallic imii; silica, ete^ oil^ L18; organic matt€ri 

as shown in fig. 10- 


0 

lOD 
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Pid. of iratrWm^ ** 4^ttnnJnrd aJiiihImS AUltrsM 

of HMa|>L«v 

Origin af —A largo pari of lln5 motaUie iron emmo 

iraiii the wear of the brake shoes upon the HteeJ rims of the wheels of 
the cars, 

Tli^ wear upon the brake shoes was very scTnre* By wpigiiiug 
iheni when they were ncAV and after they were worn out^ and deter¬ 
mining ihe nimt!>er us^ed^ it was ealculatc^ by the operating compapy 
that ono ton of broki' $hoes was ground tip ei'ery month for each mile 
of subway. The brake shoos eonsi^ite^l of cast iron w^jth steel inserts. 

There was also some loss to the miJA and rims of the wheclfi and to 
the cioiUact shoes which ran upon the third raiU Probably 25 tons per 
incnth would Iw a low rMimale of the weight of iron and steel ground 
up In the whole subway evory montb. 
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Welffht of du»t fft »ubway and sttept air compared. — The iiTcrnge 
weight of dust suiipendi'd in the ntmoNjihetE' of the subwity rw fnimti 
by thi? iis<' of siignr filten*, using k 11 of the rtfliiilt?', wn^ fii.fi mg, per 
Ihnusduil cubic feet «f nir, or 2,55 mg. per enliic meter; in the Btreets, 
52.1 nig. per thoiisnhd cubic feet, nr l.&ti mg, per cubic meter; dilTer- 
enect mg. The ma»;lmum nmoiint faiiiitl in the auhwiiy was 
204 mg. 

T^ienty-thiw compiirativc tests were made to detenuine with par- 
tieuiiir run* tlie weight of susjjejidecl diit-t per thuusuiul uuliic- fi-ei of 
air inside of the subway and in the .s-trtsets at tlie Ktiinc time iiiid as 
iieiir the surrie pluw as pnSsSible, The,'* showeil an e.'^ewss uf dust in 
the subway of 47 ptT wnt over timt tujtside, lu five coses there was 
mnn* it list outside, the gR‘iit&sT exceiss being M per Ltait. In the other 
eightwu <‘4is?ii tho of subway dust over street dust ranged from 

11 to SJK) per cent. 

\Vtd{/fit of dmt inhaled hy ;wi#;icitj 7 Fr.f.—Tiic weiglil of dust which 
tho iivflwiga passenger iidialwi in one-half hour in tlie suiiway was 
very slight. Assuming that fitlO <\ c., or 22 cubic indii's, of air were 
taken in ai each hrcatli and that tlic passenger lirvalhed eighteen times 
n minute, the total quHutitv of air which jiaswed Into the luugs In half 
an lioiir was idHiul 5,1^8 cul>ic feet, or fi.ijft cubic meters, I'siun, the 
averugt^ of all rusuJtii, or tH.fl mg. per thnusnrul culiic feet, as the 
tteigiit of diuit suspended in the atmosphere, it apjjcars that tlie aver¬ 
age TMtssetiger took into bis nose or mouth 0,12 iiig. of dust in ti ride 
of half an hour. 

The aiiiount of dtist found in the air of the stibway varied with a 
nunil>er of circii instances. More dust, wa.s found a I the arrival etuis 
than at the ilcpartura ends of the statiori platforms. This was piob- 
«hly due to the fflct that tho bniki's VL’ere iipjdiiMl near the arrival 
ends, and to tlie fact that the ciirmiLs of air fivitn incoming trains 
litdlasl to carry dust from those sections of tlie .suhway which lay 
between stalioTUi to the platforms. 

The Stotions where the grejttest weighla of dust were found were 
eitprcss stations f there the Hiiiuunt of metuilic dust fortiieil bv the 
braking of the trains was much greater tfian at the local stations and 
the mivei from the atri^trts was greatest, 

llie Jiiimbers of bacteria found in tiic accmuulnted dust of the sub¬ 
way were u-siially smaller than the numlwrs found in dust which liatl 
iiccumulateil out,side. 

The average jysujU of thirty samples of dust which liad accimmiated 
in the subway wb.s .'300,OOt) bacteria per gram of dust, Tho tiicrage 
obtained from si.v sampUis of dust which had accumulated under wiiat 
sippeami to be comparable circumstaucca in different buildings in 
Xcw York was 600^000. 
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The largest niira^wr of bacftyriu fonnd in n sample of subway dust 
>TPS S.OOQ.CKX). 

FINAL CO^'C^-(■SJONS, 

A I'eview of iho n’siilLs of tlie uivostigalicni wormtiti:, in my opitiion, 
the fijllowiiig brief statement of the inoi?t facts detenniried 

with rtejjoet to the quality of the iiir. 

Att'ODling lo usual sunitaty siiitiiliirds. l>as<Kl on eliemical and Ijuc- 
toriohjgieal tinaly^^ ihe geueml air of llie subway was always and 
everywhere satiaJfaL-tory. TJie air in the ears in winter is not iiicluded 
in this stateiJioiiL 

Aeeordiiig lo ptiblio opinioiu based on the testimony of the senses, 
the air way everywhere uusalisfaetoryt especially iluring I he siiinmer 

My own cx}iieliisif>u was that the general 31 ir^ iiilluiugh disagreeahiei 
was not acinalty harmfuL except^ i30ssibU% for the presence of iron 
dnsL Tlie strong dnifls in vvinter at the stations and the lack of 
8 ?mit 3 iry care exeieiseJ over the fiiibway were^ however, worthy of 
careful con HI deration in this connection. 

The high tainlife of the subway was its most noticesibly objoc- 
liotmbli! h=!atui'e^ ITnil it not bet'ii for the heat* it U j^robuble tliat Uic 
other iiupleasittiL features would have failed tn aroiiHO serious protest. 
The lieat* jis is well kiiown* was tine to tlie conversion of the eksztrio 
power which i^n the tntiiiFt into friction. The aiiiDimt of heat given 
off hy the passi'iigcrs wtis so small by eoinparison ns to have had 
praclically nothing to do w-ith elevating the general temiwratujt^ 

The beat was moi^L objectionable in the itiurning^ luul evenings of 
ftkiniijii^r during the hours of grtiatast tnivtd and when Llie air outside 
was cooler tlnin during the rest of the day. 

The heal iLiil not indicate that Uie air was vitioted or Mtagnant* as 
was popuhirly fiuppiJSi^h The stibwray was hot liecawse a great deal of 
lie at was iirmbicetl in it^ and stored by the niateriais of which tlio 
Kulnvsiy was built. Tlisit the heat did not escape rapidly enough for 
cennfort was no proof that the air was not renewed of ten enough for 
health. 

The cariwHi dioxiilc and oxygen analyses indicateil that the products 
of rcsiiimtion were rapidly carricii ii\viiy\ Among the ^^00 C 3 irlxni 
dioxide dctemiinatiorLs most of which were made in the subway, no 
Slim pic of iiir was found w^hich contained uImivc parts of COa jjcr 
Leu thousand volnincSt and this amount was found under ciixum- 
sUiiit.es which niusl lie rcganled m cxceptionaL 

The overage excess of carbon dioxide in the subway over that in Uie 
straits, l.l^ parts per ten tlious^nd volume^ showed that the air wiis 
nmeweil with nuimrkfshlc frequency. In the iibs$enre of a census giv¬ 
ing the uniubcr of passengeni in diifemiL parts of the subw ay at dif- 
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ferent houre^ it was impa^ibb to calculate just bow fn^nc^ntly tbe 
air was ren^wt^d; but from such e.?timat(?s it was tHussibb to Pisbe 
it soc'iiied Pot improbable that the air of the wholu subway was com¬ 
pletely It lie wed at least ever 3 ' half hour* 

It is trtiR that the renewal oc^eurred scrtiit^whfit more frequently in 
some parts of the subway than iti others* but the esichange was always 
and everywhere abundant lo satisfy usual sanitary retjuirements. \\b 
must except, of efuir^se, from this statement, the uars w^hen closed^ and 
either pin res where dense crowding occurred. 

The coni rolling eonditinn wbleh reguhiteil the extent to which the 
nir wiis renewed was the freedoin with which it eoiild move In and out 
of the Biibwa}^. The air w as liest w here the subway was mosl open to 
the Streep and. conversely, it was least satisfactory wdiero the suhw ay 
teas most inciosed+ blowholes w^ould have greatly improved 

the ^riaiditious as regards heat ami <Hlor, 

Tlic rpovemeiit of the trains set in motion the e=ipential ventiluUtig 
currents. Tills they did* iirst, by foreitig subwav air out and bring* 
ing street air in at ojieningH; anil t^^oud^ by moving the air thrtmgb 
the sub'way lietween opimingSp 

It was fully demonslratecl Hint there were no pockets or other plac^ 
where air stagnated. DilFusion was everywheix- rEipld, complete, und 
satisfacloty* I except the cars in thessc ^atements* us already iiidi- 
rated. 

The fact that there were only about half as many baeteria found In 
the air of tbe subway ns in the air of llie streets under which the sub¬ 
way rail gave ground for the opinion that the haetenotugieal condi¬ 
tion of the subway air was fiatisfactor}^ although too much reliance 
sliould not be placed upon this guide to its condilion. Juilgment ou 
this jxjint wonhl have been more ciuicWive had it iK'eii passible to 
deniDUsttato that no more harmful liaeteria existed in the sub wav than 
in the air oiiUtcla This was beyond the practicable fKfesibilities of 
Ijacteriologicul le^huiciiia 

Tbe odors of tbe subway, like the heat and dtisl, were objection* 
jiblt?, uppirently, chiefly bec'ouse they wen? ilisagreeahle. They re- 
siiUofl largtdy from the operation of the trains, Tliey were, in my 
opiniurit a large extent prevent aide. 

The i^nilary significance of the characteristic black dust of the 
^ibway, containing, as it did, nrer Gl jm- cent of metallic iMirtielcs, 
remained to be considerwl at the close of the invi^tipitioiu At the 
rerpic-st of the board of rapid transit conimiKsioneis;, this matter is uuw 
being studied by me. 
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Bt Camtlix 

Profetanr ijf MitirraJ Ch cmiMtrit a I th*? ifr FnJ PWM^ ; forrnrf n t 

I*rof€^iior Bcrfhrlvi erf JAc VoU^iH- Frunct\ 


The illustrious scholar to whom all France has paid a la?^ i5olemn 
tribute held an extraordinary rank in the science of the ninetmith 
rniitiry, AVliat he nccompIii^hcKl was trpiiieridous;, iilmost su|Mr]iiiniati. 
No other man can grasp it in its entii-etYj for id order tu cotU[)roheat] 
it hi detail one would need to liave an eneydopiedie knowledge such 
ns tnj fine hi this day ]>osses.ses. The scholars uf the whole world 
bowed liefore this graiul intellect, iirmnhnously reeogniKmi a.s nne of 
the broadest of its time. This intellect, moreover, wm powerfully 
aided by a memory no leas widely famed. It was hy uniting with 
these nntiinil gifts, obstinate ami ince^ni, Jijijiematic endeavor^ 
that Berthelol livas able to build up an iimtieiiE^ life work in whidi is 
shown Ihe universal scope of Iiis knowledge. A man ot letters^ w 
pbilostipher^ an historian, then! was no subject with which he wafi not 
hiiiiiliar: he was well and aeeunitcly infonned on all topii-^. 

Pierre Engfene Marcdin Berthdot was bom in Pori-s. Oetolier 
1827^ in a housie on the plan* de Ct rives, now' tlie place de 1'Hotel 
de Vi lie. He studied at the Lyc^e Henri IV^ and showed from the 
start, remarkable aptitude in the most varied directioiuv h^ouquct 
in iiecalling at the fiftieth anniversary of hiia scientific cjireer the old 
fellow^■ 3 hip of the Lyti6e that brought him close to Bert helot, added: 
*^Eveii at lliat lime you felt the lofty position in the science of the 
futiii’c w'hidj awaited you. Yunr pmfesiksrs^ and even yonr fellowe¬ 
st u dents, were alike coni^ioiis of it. and* more thuti anyone else, I 
bad fnJih in you," In l^H Bcrthehit wim the Inmor prize in philos¬ 
ophy HI the Coiicours general. He devoletl himself henceforth to 
the sitndy of the sciences tviihuui iiassing through any school. He 
wtis selected as Brdttrd^s az^istant in the College dc France in daniiarj% 
1851, and for nine years he filled ibis luuuhk uflice tvith its annual 
allowance of .WO francs. During this [leritH]^ In April, 18fid. be 


“TmaHlntedt by iiermlialoQ^ from Revoe ti^nt*rale des ^lKt}??f*f^ [nirea vt 
oppnqut'Od. Pari A, l^th jeaf> Na 0^ Mrty tl&„ lOOT. 
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earned ihu degree of doctor of sciences with d masteriy thesis on the 
“ Hcproduction dea corps gma naturels.’’ 

^ ()n Dtwmbcr 20j 1859^ he left the College do France for r£)cole de 
PhatiiiQcie, where he hud tjecii chosen profciisor of organic chcmiHtrv. 
The following year he hronglii together hia resoaiiehcii tin synthetic 
chemistry in inn important volumes entitled ” Chimio orgatuguc 
fundde sur la synthfese.” The Academy of Sciences, for his iLSM'inibled 
works, awai'tled him the jeeker prheo. lierthelotj at flS years of agn*, 
was known by name to ohemists iliroughout the tvorhl, iind his repu¬ 
tation hud peuetrnted even into tlie Parisian salotLs, ns is endeiit from 
lectors written in IGGO and 1961 by Aladanie Didier to lladome Edgar 
•Quinet: " I must not forget to liave you meet a very learned scholar 
named Jl. Berthelol, I'hey swear by him alone in the l uii de rOuest 
fat . licJielet^sJ. Madame Michelet told me ‘tliai he would go down 
lo poaterity, ond that he would not rest satished with mere genius, 
fie IS, besides, full of life and a charming fellow to be with. 8ha 
drew me the picture of an acoomplished man; I am curiotia about tliis 
winder. 1 must make his acfiuaininncc and tdl you my imprecisions 
of him. {October atJ, 1860.) After having received him slic wnne 
(January 19,1961): '• Me seemotl shy; iio has a very sweet and inter¬ 
esting TOuntenance. I greatly enjoyed ihe conversation of M. Berthe- 
M e it i& in not beinjg nble (o fdllow him m the 

L NiHfle gtusHt discoirerjes in chemistry and has 

pu Ls^ inii YdumpSi thai ure Ijeyond Kie; I sheuld not lie nblc even 
tfi unaprsiantl their ihit they sny that ih« .^-^TiopsLs of the 

IS ohtajimble and it ^dves the coiidusiotiH of all oHub worL^ I 
>;JiaJI toy to get an idea of it. Finally, there ia tmliiing he 
no Tiow soinething alxjut; he hius kud a thoronxdi literary cdu- 

fSlIlflTl . Cl 4 . 


f 11' ^ *j of Balnrd. a certain number of professors qf tho 

do h ranee and chemiato of iJie Institut retjuKitetl of the public 
<> luiohf the establishment of a diair of organic ehemistry in the Col- 
ege lie hi'unco, iii (*pdvr to allow Bvrthelut to develop his ideas. Ttie 
^ut^-t was favonibly received by M. Diiniy, minister of public iu- 

im f Berthclot then 

p CO e de i liarmacie for the College de France* which he 
was destinetl never to leave, 'xw-a ue 

nof enter die ullk Jt^licine in Febniary, Iflm. be did 

Ut - Academy of until Murdi 18T9, at the of 

d.vrio»’.l ufluTiin” 1>I«» r)iiluini,l.‘‘ Ho 

'"r'is's 
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to their owd meml^ershipH He was elected successively to the Koval 
Society of fjondon^ the Society of Physics of fieiieva> the Society of 
Xaturiilist 44 of llfjsrow, and the academies of St* Petersburg. Stock¬ 
holm, Dublin* CopeliJittgen, Munich, Turin, Aniyterdaio, lluiigaiy, 
Botstuii, LihlMm, Vienna, Jierlin^etc* 

Designiiicil chevalier of the T^gicm of Honor August Pi, he 
ran rapidly through the whulp hierarchy until by t!ie time of the 
fiftieth imnivcmry of the i>eginniug of his scientific CHrcer the Gov¬ 
ernment of the Republic had deemed to liini the Uiglicst reward it 
gives in decoratitlg him with the (irond-Cmix. 

The interest that Beriliebt brought tti bear on the ri*orgaoij^ation 
of our meLliod of education led him to the general iiispectioti of 
higher educational affairs in 1870; tfi the perjuanent section of puhlio 
insLru£:ti<iiit ui which he vicc-preiiideDi; to the l^coLo des TTautes 
fitudes, of which he was prestident for the section of [ihysical scieiicesL 
Head of the scientific committee for the defense of l^aris in 1870* he 
was named raemlier of the eon.^ultatioii committGe on powders and 
saltpeters in 1870 jtmi presidt:au of tjie eomiuission on explosive sub¬ 
stances in 18TB. Elected perpetual senator in 1&&1, he improved the 
oppiJiiunity by pleading on numerruis occasions the cause of higher 
crlucatioti and of scieniiJie research* Tn 188fi lie liecamc minister ul 
public iiLHiniction in the Gobkt cabinet and wa^s called kicr by 
L^iii Bourgeois to the quai fTOrmy, 

Berth clot succeeded .Tosepb Bertrand in the Acad^mie Frau^aise, 
and was received there by Ijemaitre. 

1 do not pretend in the few pages at my disposal to estimate as it 
deserves the work of tliis teacher j I shall content myself with sketch¬ 
ing niprcly ita principal features, 

Bert helot not only tninErfonned and broadeiu^l the domain of 
chemistry, but at the same time he caused this sciiJnee to progress by 
the side of the exact sciences. 

Before Bcrthelot most chemists considered the substances whidi 
form in living organisms as impojssible of reproduction in the 
lalxiratory fi'om their constituent elements—carbon, osygEn, Imlro- 
gen. and nitrogen—by the sole play of chemical affinities. "" In organic 
nature^’' wrote Berzelius in 1843* '^elenieuts api3ear to obey laws 
entirely different from the laws of inorganic nature,^ A mysterious 
force, tlni vital force, b judged indispemablo to their elaboration. 
The chemist can only destroy them* separate I hem wuth the aid of 
appropriate reagent.^, and take from tlieiu eertain new sulistancesij 
isolated in the complex edifice, lib role is therefore extremely 

Hniited, since in the field of organic compounds he haa nt his dis¬ 
posal. as fibjecls of study, only the immediate principles elaborated 
by animal-s and ^^getable growths. Bert helot took up the separated 
prodnetA tmd tried step by step to pul them together again to con- 
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struct tilt? mitial edifice^ Ir wn^ thus ihit, in a rwillv masterlj 
liducveiTif'nt, he i^^coustructed fnt^, oils, and butlers out of the ^lyo- 
erinc and the acids derived from these fatty sulMan^s^ The Jjarrier 
whidi wparated the reactions of the iabomtorf from the reuctiotia 
of living organisina ilssappoared from this time ori apul the identity 
of biologieui and phyoit'ci-ehcmic'al torices was thereupon establishGi 
The significance of sudi ii demonstnition uiiiy he readily understood- 
Til is was not all. It was at this time tliat tlin creative power of tJie 
diem 181 lieguti to lie mamfeslecL As soon as Berthelot had discovered 


how to reproduce ii fatty siibsitancOt stearine^ for e:taiiipk\ he Iiad by 
the geiieni.lizBLi{ui of the pi-necss found the uiethcKl of reprcalucing an 
infinite number of new fatty substances. Thiia, wliile most of the 
animal or vegetable fats are fomi^ essentially by the iiiixture of 
three or four well-defined cheuiical subs-tanecs^ the only oness found in 
natun*. the chemist can make from them in hia lalK^ratory as large a 
iiiintljer os hu [deases. " The synthesis of netUmI faL^^ said Bertheint 
in LSGO, penults not only the formation of soiiio natural fats ulreiidy 
kimwOi but it stLfl further {leniviLs one to foresee the formation of 
innninerable anulogrms fats, winch it will be easy hereafter to 
I luce ill Uiiur entirei}'^ by virtue of the general ht^v that governs their 
coin[>Oiiition,-- The domain of chemistn' therefore UnMimeJ* imlini- 
ited* The chemist hi nisei f* by synthesis^ creates the objex^l of his in¬ 
vestigation Eiiid in the ihou.^inds of new sub^-tances that are produceti 
each year in the liiborulories of the world, he d^stlllg^lishe^i tluise 
whose properties can lie ui^ed in the arts, in Lndustrvj in niediciuek etc. 
The synlhesifl of fatty siilislariocs was only a partial synthesbi 
glywrine and che fatty generating acids were tlicmselvcs produced 
from fiitii originatly divided in two. In imiLutioii of iiaturc It wim 
nece^ir>' to try to jiriidute organic imvtter^ out of ininend substaniTCfw 
1 akitig curium in the form of carhonic: oxitlct Bertholut combined this 
gii-H with [n>tash and produced potassium formaLe. llie bartimi 
formate^ heata<h lost iiicthnae, which liy pyrogenation was able to give 
a<^etylene. ethylene, and ethane. I'^mm these carburets thus formed, 
Bert helot pus^d to the corresponding alcohols, metlivl^ eUiyU jciid 
their very varit«d derivutivm 

It is not. however, under the form of carbonic oxide that charcoal 
enters into plants: these build up the moleeulcs of fat tv matters, the 
hydrutcii of carlrnn nccesjuiry to Uieir growth, with anhydrous carbon 
an water. erlhelot tried in vain to generate a primEiry carburet 
out o t two auhstariccii. so ha replaced them with substances wdiose 

rl i^l cicely related to tlicm^ sulphurel of rarbon itod 

su phnric ac^l: then^m ntaking both of these pa^. over copper, be 
oUaii^^ methane. By substituting iron for copper iie oLmio^ the 
3anie jx-ttetiou from snlphurei of carbon and wuir? 
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In hia work ” Ctiimie orguniqye faiidee- aur hi synthfese/" Berthelot 
published the collective re*niltfi of Ids t^-bie-arcties lind at the samo timti 
lie esplained the methoib that should bo followed in sjJoUing the .wn- 
fhetic pi-obleni in the series not tlien studied* He pre^enlerl a geucrftl 
viev^' of orgujiie producta. and in order to classify them, mtecHlucetl 
tlie theory of function. lie had previunsly. in the case of glycerine, 
show'll rluit tlie tnoleculr of dial substance possesses three timiis the 
aleohoUe fijnciion and likewise introduced the idea of polyatomic 
alcohols and iwlyalcohoK 

Berthelot employcil ek^tric vtnevgy in its most varied foims to 
bring aljont tlic comhinntion or to destroy the com posit ion of sub- 
i?taijcetj* Tlic ekeriric arc enabled him to effect the simplest* tlic moai 
tinesiJeelcd* aJid the most fertile of organic symlifLtK’n*, that of aeety- 
An are Hashing in an atmcfephere of hydrogen partially trails- 
formed this hydrogen into acetylene* for the carljonic vapor vvliLdh 
euiL4iiliited the lire through its iiigh temperature uf 3,500 degrees 
tinite<l directly with the ga^^eoua element. Carhnretted hydrogen, 
stable ul the highest tempeiature reacliecl, liecanTe.Qh the contrary, un¬ 
stable at about its orrlinary temperature; it only hail to l>e compressed 
10 alKive tw'o atmosphei'^ for it to dccomiWKie wdtli an cs plosion, 
under the intlucneo of ii sparky into its two elements, carbon and 
hydrogeiJ. If, on the coiiLniry* it. is heated gradually towaid 4t>0 
degn^es, tlie ocetyleiie rettims to its stable form* carlxui and 

hydrogen^ pa.Ksirig througli a series of intermwliate terms, Ix^nxol, 
toliiui, iiaphthaltuie, anthracene^ etc., carlnirets ptiorer and puon^r in 
hydrogen* the limit of which wull be charooaL These new carlmrets 
constitute the stalling point in preparing coloring mntLer??, [>erfijme.s, 
giulKititutes for sugar, new explosives, etc, Tt is |H3s.sible to comhiiio 
agiiin with acetylene, by the tud of simple reactions, ethylene, etUane, 
cjxtilic and aectic acids* alcohol* eto* Thus by heating the earlmrot 
with its hydrogen, ethylene is generated* c.ap&hle of fixing w'ator in 
die presence of sulphuric acid to form alcohol. The entire synthesis 
of tluH immediate tbrnfold principle is t|in>? ri^Uzetl fiVJtn its Urree 
constiLuent Ldiunents, carbon, oxygen, and hydrogen. 

ic electric spark is likewise useful in synthetic elicmifitnr* For 
example^ the sparks produce hydrocyanic acid when nitnigen is 
pliii!eil in the presence of acetylene, or* generally, of any hydrocarboD 
vapor whatever. 

Tlie electric current passing into a conducting solution permits 
the olitainitig of prociucts of oxidation at the anode utid products 
of reduction at the cathode. Tlie sulphuric solution iLself pei'o.ttdisEes 
in giving u new substance, pernulphurie acid, the existence of which 
was at first doubted by ^vural chemists who had not expcriiuented, 
until persulphate^ become industrial priduetBL 
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Bertlielot, moreo^'L^r, miide iin eshaustive j^tudy of all the secondary 
chcniiciil reactions whidi produced at or near the electrodes. 

I'pon thew complex questions no chcniist had m wniprehensire a 
ktiowlcflg^; founded on experitiienL Tliiis w may understand the 
skepticisin ^vith wldcli he rBceived all roalheiii]iiii?al theories over- 
these HCmudary reactions. 

It WHH id so VO all through the dcctric current that Ih?rt helot obtained 
the most delicate syntlieses. He showed that this emreni constitutt^i 
(he fono of energy the most, active and the most edecti^^e for j^ccuring 
tlie Mirnbinatlon of siibstonccs, [Jy its 4iid he uiis eoahleil to iinito 
iridinc with osi'gen, to produce sulphuric anhydride from siitphmous 
gas and oxygiMj, to effect the absorption of nitrogen in considerable 
quantities by sulphuret of earbon, benzoU cto. Everj^onc vtilt retTilk 
the discovery csf argon by Ijord Tlayleigli and RaiiLsai', wlio* after a 
tinniljcr of years of trials of different sort^^^ were unsuccess fid in 
obtaining a eambination with this new ga^ These pscholars .sent 
Eertlieli^l sevcnil cubic centimeters of argon^ and eight da vs after 
the eiiiliietu chemist annouo^^efl to the Aeademy of i^ciences tlmt ho 
hail succeetled in uniting argon with sulphuret of curiam by means 
id the electric^ ciimuit* I’he small quantity of rr^inous matter i>l>- 
tained under these conditions, when siifliciently heated, lu tlecoinpos- 
iiig. regenerated argon witli it^ initial pnj|jcrtii^. 

The contemporaries of lierthelot also did their share in developing 
cliemScnl ByiitIiKfbj+ It is jjufEcient to reeall in particular his rival, 
Wiirtz, to who^fo ci*e<Jit stand veiy important ex^ajriiuents oil the 
IIthesis of compoimd uumionias^ of carhun^ts of Iiydrogei^ atid of 
glyot>ls* ” It with respect to the synthesis of glycols,^ wrote Ber- 
thelot in ^ that a producti^^e rivalrj^ has arisen Ijctween ij.«4 in 
w-hii'h each of us has deveJopetl the various re?^>iirccs uf a nature as 
ilifferent frnm tlmt of the other in its point of view as in its i>[M?ra- 
tions. Works witliout number have sjiruiig from thc.^ theufiew and 
in thirty yearH have trait.Hformed organic chemistry. Wurtz played 
a promitieni part in Ihis tnuinfortnation.'' 

Omvinced of ilic unity of nntiiml forces, Bertholot tried to adapt 
the Inw^^ of cliemicul trt$ ns formations to the laws of mechanics He 
*leviiUH] hiiiLsclf to developing a new i^cience, thermocheiubtrv. from 
which was derivfti ehemicai mecimnics. Liivoisier nml Laplace. 

hiivre and i^iltenuann had already suct^oedod in taking rseveral 
itilormielm- ine«mr*.|«cpts, but ihf principle of <«,,iivalenL«* in lh« 
oHrr of tjiemicul rcactioiLs was ,i new bleu wbidi whs to be 
hahed with prertsion by the rest,arches »f lierthdnt. At this time 
Rc^aull had iTompleUd his numerous caloriiuctrie e.xperiments and 
hnd sccur«l for this division of phyiiii.-s an accumey tlicnitofore on- 
known. Ri.«n«i,It nbl«,m.d this accni^cy throngh a mot^ comply 
apparatus, by si,pcriiiipi«mg in a «rtain way on the prindpaJ appa- 
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mim cotitriyancftn inther to eliminate ur ti> inoasnn* the 

different caiiideti of error. Bert hoi ol* however, secured naciinK^-^ by 
more ^iniplo methodic. The esperinjeniitl technique which he worked 
out from boginjiing to end for niecii^uring different calorific factors 
is an sidminihle accomplbhmentp which would saffii't* alone to make a 
physicist illustrious. Althoujudi I have had occai^ion to initiate h 
lar^e number of Frtaich and other scholars into the calorimetric 
methoils of Bert helot, I have never once done it w ithout noting after a 
first experinieiit I heir astonishment and their admirntit)n for methods 
^ ?!implf and n re urate. These methods were afterwards to attain 
t)erfcclioii in the nsse of the culorimplrie iKimb. 

Altoother, fterthelot s accompUshmeols in tixerinoclmmistry ani 
marvelous* ^Flieir consequences extend into iiU ilomains of science. 
Engineers, experimenters, and theorists arc contiminlly using hLs 
ealovimetrkr data* 

In theory, Berthclot sihow^ that the amount of heat is tlto prin¬ 
cipal fiictor upon wJiich de|>end the couditiouji of composition or 
ilecotuposition of substances! but the muss Iteat of reaction bs ccni- 
lax-tcd with ihi^n conditions by an extremely complicated rehiticm- 
iihip. Berthelut tried to disengtge from this mass hcjit all the calo¬ 
rics ironiierted with revetstihle phenomeun oiid obtained a i|miiitity, 
“ chemical !icat|^’ whieh approaeheH the heat not com|>ensated for 
in I lie I'cuction. From 1805 Berthclol- workcil wilhoul interruption 
to establish and render exact the different temia for expreKaing chemi^ 
col heat. 

This chemical heat, especially in solutions, is not always easily 
calcuhUiHl, and so in the secondary schools they have let stand the 
olrl nile of maximum work, wldcli in many cases can give an exact 
idea of tlie process of reaction. 

The s^tndy of electrical piles, which foniis, with the working out 
of reartions in advance* one and the same problem, tcx>k part of Ber- 
thelot-s time. As I said aliove, he studied veri" thoroughly all the 
set?ondaiy phenomena which oceiirrcxl in Conner I ion with it in such 
a w'ay as to fajparate from the chemiral mass energy all these second¬ 
ary fonns of energy and to try to give, if possible, on experinumtul 
interpretation of tlie differtmees between the voltaic and chemical 
energies^ M* Rertlielot has frequently called attention to the im¬ 
portance of these secondary reactions often neglected by the theorists. 
For this reosoti the pupils of Helmholtz could verify the accuracy 
of the reljiliou U^twwn voltaic and chemical energy only by measur- 
jug the clteniical energy din'ctly on the ciiloriiuctert sw dahn did. 
and not* like Braunen b)" calculating it from the fun^Jamentaj 
chemical reaction o(?curring in the pile. 

Moreoven in a general way, the study of the thcrmo-chemistrj" of 
rcjictious forctxl Uerthelot to go into their slight^t details, and, with 
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his tRlent for generalizing, he knew how to draw obser^^ntipns of a 
ir»'i]i?rHl applitaiioar It is thus that tho idea of prelimioaiy work* 
iiroPMiirj for bringing nlunit readinim^ correspondi^ in the hingnage 
of ihh^ lime to an clov^ation of tempi'nilure netTsaarj' to (wrrixvnio 
chemirul rcsistaint^?- ITe showed iikewuK!i limt it is not the reflections 
producing the mo^t stable system thaf ore foimch but unstable^ inter¬ 
mediary systejiir?. The principle of ihe appetimnoe of tlu* nnsEable 
forms (before the stable forms is fouiiil again bere^ a primriple whir 1 1 
hiLs been quite iiccnnitely established in tiie^fl?: later years^ iforeover, 
all the modern phi^sico-cheiiiists liuve drawn from Oie tnimerous 
theniio-chemical tlo^niments iiLcumulaliHi by Ihcrthelot, and some of 
them liave even at ibiies iTprtHluora!! his researt^he^b but in a language 
isirnv.pofiditig to the physii]o-t;beJ:uListry uf tlie^e litti^r vearijL 

r aiu conviiaeetl for my psirt tliat it is particLibrly throngj:! thermo- 
oheuii^diry that BfU:i.be1rit Required that truly extrmtrdinary under-' 
standing of chemical pbenonietia by which he seemed almost to flomi- 
nati'- and eoiumand them. 


Tiiermo-diernistry was destined to lend tJertludot to the study -jf 
explosives, [tis |iosltion as president of the eummissiou of scholars 
orgnniztai by tlu^ bi command of the national defense during the 
siego of Paris Initl given him an opportunity to Iwimme initiated into 
the knowlctlgo? of pnuluots. The various tasks ihiit be iiccoin^ 
plished in this field iHther alone or in culbilKinitiori with members P>f 
the t^mmiasion on i>owdei^ and saltr^tei^ have l^m brought together 
in great part, in his tri^atise “ Sur hi force des matieres expli>sibles 
<l apres In t lierniochimie.'^ I ^loiild like to sjxiak here simply of bis 
“ (^tiidic^ of genius,'- to use the expre-ssion of Xernst, on the esplc»pivi> 
wave, fn a mixture of oxygen and liydrogeti, for esam|jh!. tlio enmbi- 
imtion proj^agfltes itself in the form of a wave all the factors uf which 
can Ix^ defined in advaiii:* when the properties of the ex]doding mix- 
tin^' are known. The surface of this Wfi\i\ which h the of the 
^'ombhialioii, propagutes itself with a speed much gn^ater than that of 
wjund. 2.8(W meters in the ca^ of oxygen and hydrogen, so that the 
mfluetice the ci^lingnf th,, i^urliiecs has no time to liecomc elective* 
t. ie t t It }MHH itsfclf Inconstant and mdepeiultmt of the naion^ of 
t c (.11 ‘ w lie I (tmtatits ibe niixtiirie. Tke siirfiii.»; of the wave Isi at 
Qb extremely liigh tvmiJtTBturcf and exort-s a Ktrou^ pnwnire iti 
pai^ag^, « im^im. which may easily |«. ix-gistcml bv pladnir 
sim* fiaugiH in the path of the wave. 

The asplo..ive wave has the mean., «f reaU;,inp the highest 
i>in^t-ati,n.^ (4.0fHHlegrees), but the pmbicte of ofuuhttion remain 
u t^s tem^rature for only a vei,- short time. Berthelot and vS 
.« e^rtnnely romarkable ex|>eriment*. have the explo* 

sit*, wave for furnishing quantitative evidence on the propertiw of 

p-... .s high ^ 
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resnlts whitli follow from ibw 1 ckI! special atLentlaii Lo the 
ciirioioi fact rlial nitrogen, oiygcfu anti oxide of carbon, up tu bOOO 
(legrt>*B, linvc identical mpleciilar s[}fR^itjc which irntls^ tn prove 

that thr mok^ule ia not dissociated lU thia high teojpcraliiro during 
the veij shoil period of hpating. Tl^oretical atuiiic^s on explosives, 
on the apcerl of csplcisioni^t to \eml to the diMt-ovt+ry of Kmokeli^ 
powder by Vieillc^ the pupil nnd colhilK>rfltor of lieilliehit, ThLs 
wa5ji for s[>rjie time to give superiority to onr ammment. 

In collaboration with Pcan de Saint Gdle*, Berthelot^ in 18^2. in n 
CGlebraled memoir, defiiK^l ei|Uilihr[uin, and at the wime thiie ahowefl. 
by ft full series of i:eaclions nietliodicaily worketl oul^ the role of 
time iri cUemioil phenomena. He endeavored to truaslate into 
mathemiiiical forinnla" the results of hiw experiments. He ititrixluretl 
the itiea of active ma.sscs, iind establishi^l a relntinn which* slightly 
nuxlified* was \<t lend tluhJherg and ^’\'ange, tlie following year* as 
they themselves acktidwledgeiL to the establialiment of t!ie law uf 
mass nctlnuH For his study on etheri deal ion the name of Bertlielot 
dcbervea to tie inscribed by the ^ide of those of Saint-Claire Deville 
jLtid of Kaoiilt. among the creators of physpcci-chcmisiry* 

Hy rcastsn of hhs studies of syntliesis^ the role of nitrogen in ilie 
orgainic world a I ways inlereated BeilLielot. *Sonie years ago this 
elemeiil was considered as an inert hcwly incapable of entering in 
miclioii and yet it is indispensable to the life of eniinals qiu! plants. 
Ry what process does inorganic niinigen jtbss into the «^f organic 
Tiitrogen? The problem is to-day in grt^at niea-xtire solvciL thank:^ 
particularly to Berthelotls ex|jeriiiientR 

lender the influent nf elect rii’al actions* spark or lUirrenl. I lie nilro- 
gim and oxygen of the iiir enter into eombhiation to form* til's! of nil. 
f>xide of nitrogen, and tlien, by secondary i-eactioru nitrous vapoi-su 
J*ik:ewisie. all active eonibiistioii, like that of charcojil, for example* 
rpiickens the conibiniition of quantities of nitrogen and oxygen. The 
dilfercnci* of idei-itrical potential l>etwceii Lwm strata of air of tine4:imil 
levels may be employed to elfect the absorption of nitrogen by tho 
most varied bodies By exaet quantitative ex'periment.s HertheloE 
showed that exterior electrical aetionsT sl.ormSj dillercnces f>f poten- 
tiab and the combustions of eharcoab going on year after year in the 
world, are insufticient to cnleulate the total quantity of nitrogen nec¬ 
essary for the development of plant*?. Other causes must be found. 
For tills reasem Bertlielot devoteii himself to the study of the sun. 
He showed that the earih was cnridied in nitrogen iimkr the influ¬ 
ence of the tiny i>urticles that swarm here. The organic world wag 
no longer considered inert; it became a liring entity in which u mee 
r>f the tiniest, midget? work to intnxUico the elementary nitrogen of 
the air into the cycle of organic reactions 
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The ideas of the profe&^r were from the first wsuhiIy oppos^Kl. but 
sooD Ilelirkgel und ^Vilfurth, Sehlcfisijig and LoJurenU ’^Vinogradski^ 
brought in frurn every side important c^oriLributiojis to ibt^ question of 
the iibsorption of nitropin iitid demonstrated in a startling nuxtiner 
tlw truth of the ideas put fortli l>y Betthelot. 

Tliist moreover, was not the only occasion upon wbieb Bert helot 
was ncLively disputed by opposing scbohirs* A |Kfe1 humous memoir 
of t'inude llemanl bywords 1878 was the text of ft iin'mi scholarly and 
most eanient sfrienlifie discussion between Beithelnt anrl Pasteur. 
The hitter held, on the l^osis of ex|>eriments, that the feniienlation of 
glucose alifiolutely demanded the prc-^co of leaven or barm of beers 
while, according to Berthelot, the transformation of gluco^^e into alco¬ 
hol could take place through the intennediarj^ of a ferment that was 
not living* of a tiiaijiase emitted by the yea«t itself. The t wo scholars 
maintained their positions without reaching a common conclmrion. 
Twenty years afterviards a ticrman scholar, Buchner, demonstrated 
that yeast, suflickntly compressed* furnished a liquid without Lmw 
of living cells and capubJe uf continuing for Bonie llnie the fermenla- 
tioD of sugared juices. Beifhelot’^ ui^tJrict of genius had fOimonuted 
Posteur^s experimental skill* 

Having acquired a knowledge of the ancient langnuges, Bertliebt 
^vaa exceptiontilly well fitted to study the bistoiy of chemistry in 
curly times. In the Origines de rAlchifui* ” be shows that uldieniy 
wa.s founded un u ductrine of pbilosuphy^ that of the sunicnes^ of 
matttu- molded as if formed of foiii‘ elements* Its pnictiw. restcil 
ii|H}ri the actual esperiments performed by the GrccO'ligj'p^^^^ 
und silver smiths and metiillurgisls. This the author indisputably 
eiftablisbed by the comparative study of a papyrus found in TUcIms 
nod iajmi! receipts of the pseudo-DemocritiiSi in a wood W'ork en¬ 
titled Tiitroduction a T^tude de la chiniie dcs jincicm ct du moycn- 

Berthelqt wafi led in thi** connection to puhUsli the Greekt Syriac, 
nnd Arabic alchemic iexls^ which up to this time lind remained iin- 
publbbed, with the collaboration of distinguished linguists—Me^rs. 
Kouelle for the Greek, Rubens Duval for the Syriac, and Houdas for 
the Arabic. Thus was again built up an entire brunch of the science 
of the early times, theretofore almo^ unknown, furthermore he 
pursued his studies up to the fourteenth ccnluryT in order to ui$certam 
by what means the science of alchemy bad penetrated into tin? Occi¬ 
dent. He fonnd that thte® means were two: First, by the handing 
dowm of the arts aod industries whiidi had up to that Lime lieeu almost 
completely ignored and which nevertheless liud subsisted continuously 
EUJice tiue fall of the Roman Empire, and second, by the Syriac ti-an^ 
lalions of tlie Greek alchemisio, equally ignored, which w^erc the 
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Eoiirc:(!3 of Arabic works. Tiiusi; latter were tr 0 nsliitcd into [jitiii in 
the twelfth and thirteenth uenturieib 

Profoundly patriotic, Berthelnt id ways iwndidered it the dutv of 
evety scholar to place at the disposal of his country the results of his 
experibiico and of his letiming. He tiercr refii<w1 his iieri'hx’s, when 
asked in the name of public interest, in any of the most Turied direc¬ 
tions. especially in matters relnting to industry or to the piiblic de¬ 
fense, public instruction, or general governmental policy. He wng 
attuchml to all the technical commissions connected with the several 
govcmtiicnt departments and np|dief[ lo the solution of the problems 
presented all the talents employed in work in his own iulmnitory. 
This luulliple uctivity of Berthelot furnished occasion for various 
articles or discourses, combined in four volumes: “ Science et philu- 
Sophie,’’ Science et morale,” ** Science et education,” Science et 
libre pensfe.” 

Like all creators. Berthelot had a powerful faitli, a faith wliidi 
.served him as director and guide both in liLs private and public life, 
faith in science and his methods. For Iferthelot science dominated 
everything; it alone rendered dehiiite services, and its domain was 
noi restricted to the study of positive facts. .Muteriid progress due 
to achmcei wag the least important pivodiict of his work. Science in¬ 
cluded a higher and broader field, that of Uic ethical or spiritual and 
the social world. 

In his letter to Renan on the ideal sciemre and the poi^itivc science, 
after having e.vplained in n masterly way, by a concrete example, how 
positive .scienee pniceeds in establishing facts and in attaching one to 
another by immediate relations, Benhelot extendeil the same metI uhI 
to the study of the domain outside the material ivorld: ** In llic tlo- 
main outside the material world, us in the material onler of thinga, it 
is necessary at. ihc start to establish the futns and to contTOl them by 
oLservation, then to marshal them by constantly bringitig to liear this 
vame observation. All reasoning which tends to deduce them a priori 
from some nlistnact axiom is chimerical. It is the oligervat km of the 
phenomena of the world outside the material, revealed eitJier bv psv- 
rhology or by history and politioil economy, it is the study of their 
relations gradually ^iieralized and tit each step vcrltietl, that serves 
as a basis for a scientific understanding of human nature. The 
method by which each doy are solved the problems of I fie material 
and industrial world is the only method by which can la- solved ami 
will he sol veil sooner or later the fundamental problems relative t<i llie 
nidation of society,'^ 

Berthelot, moreover, reco^iired that truth could not Ih? attained 
with such a degree of certainty in the ideal science ns in positive 
science. “ It i.^ in a way like u building hidden behind a cloud, of 
ilTSO—-47 
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wind I only ifOTiic gutliiKW are v-Lsibk;’ Tlie farllier ii|) you go m tho 
ofOer of ctmsKiiionce?, the farther invay you gi't from real obMiva- 
tions anil the more does certainty, or rather probability, aimimsh. .V 
pystem is true not in proportion to the lo^c of itji rea.soiiing, but to 
tlift siiTii of fnct!!? iiilrtwliiccMJ iiiti) iU 

It is lo pliiloKopliiciil conceptions that iiiny lie attributed to a 

certnin fsteiil Rerthelot's opposUioii to constitutioiicil formula!. A 
rilnve to farts, lie would not aiimil lho.» avstematbecl signs to wliicli 
some went so far as to attach an objective mility. ** 'I'lie symliols of 
chemistry present in this respect some strange olhircinents by the 
iilgel>rak case of their mmUinations anil hy the temleneies of the 
hiimiin mind. 1’hev naturally lead to the substitution, in tho jilace of 
fl direct conception of things, never ilb^olutely determined, the more 
simple and apparently uiore comprehensive view of their representa¬ 
tive signs. It would be n stiaiige miscniiceptioii of the philosopby of 
till* naiunil and experimental sciences to attribute to atich mere ma¬ 
chinery for working a fundamental importance. Tn fact, in the study 
of Liie sciences, nil depends on the discovery of general facts and of 
the laws that bind them one to another."' JiertUelot sow in these for- 
iniilic only a ehemieal language, and it meant no more to him than that 
the facts could Ik- translated into one or onotlier language. 

I may be ijctiuittcd to recall tlmt on reaching the college la^ra- 
lory at the close of ti lecture, when Bertbcloi liad explained his idMS 
on notations and chemical fonnulse. I respectfully suggested to him 
that it would be more logical for him to use a language adopied i>y 
the majority of chemists. It w as following this conversalion that I 
presented lo the Academy of Sciences the first work from the laboru- 
lorv of Berthelot with atomic formula*. Some time oflcr, in a work 
performed in collalioratioii with my teacher, on the cliiorinc deriva¬ 
tives Herihelol iletinitely gave up notation in cciuivakiits for atomic 
notation (ISIM)). 

Ikrtheloi. at least at the time that 1 knew* him, attached only a 
^(?comla^y importance to ihuories. This, moreover, is a trait com¬ 
mon to nearly all learned men who linve pursued a long acientitic 
career. They have siccii so many systems rise ami fall that they 
arrive in the end at skeptiehun. 1 presented to him one day a short 
paiHT foniiiinidg some tUco ret leal ideas to which I attached some 
degree of importance and I carried it to iiiin proud of my theoretical 
explanation of tlic fucts nWrveil. Glancing rapidly over my paper, 
llertliclot scired a pencil mid r^uickly ‘-iMKsed uni all that paid on 
which I expecteil to be complimented, 1 was still a beginner, and 
iiotwitbstiiuding nil the ndmiratiuii lliot Berthelnt conimancieil from 
those about him, S confess tiiat I consoled uiysclf for my dlsapitoint- 
meiil by consiticring the act ns that of a scholar grown too old. This 
little incident spring.^ to my mi ml whenever 1 come across an old 
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memoir from wliicb 1 hnve to draw aiiy referunt’es aod find the facts 
ill the theories of the period, to-day of such mcdjocre value. 
I ani irritated at the author who makes me lose time in this wav, and 
I understand fully the justice of Berthelot^s action. 

tl i.s, moreover, a cUnracteristic of youth, ignorant, inexpenenced. 
ami presumptuous, to holtl deeidiK] npinions oti everything and not 
to acijTiiesce many points in llie opinions of espcrieni.'ed peisons 
and niltliorities. Age cures this fault quickly, but the memory of 
it comes back ail tiie stronger when we find it again in succeeding 
gi'iierations. 

lU'HJielot leaves a number of French and foreign pupils, many of 
wiiofii are among those who most honor the chemical profession. Ti* 
^p^;uk only of the oldest ones, 1 may mention tlie following; ,riitig- 
fleift'li. his folkborator in his **Traiti; de elumie organ ique'' and 
iu his researf.-hes on the cocflicient of distributinn, of which KerjLst 
mure ret-entiy |>ul>lkhed a valuable gctierulization; Barbier, who 
gave jinwf of great experimentnl ability in assisting the professor 
in delicate researrlies on the icdiictlve properlies of hydriodlc acid: 
Sabatier, the learned teacher, w'cil known for his works, alreiulv 
eliissic. nil catalyzers of hydrogen gas; Andre, Bcrtlmlot's devoted 
col la bora tor in his researches on organic ctiemistry; Joannls, ivhost* 
works on swlu ammuniuni constitute good e.\pcrimetitiil modeLs; 
lie Forcrund. the distinguished director of the dieinical institute of 
xMoutiJcJIier. Avliosc thermic data form a table of figures of undis¬ 
puted iiccurncy: Guntz, who had the honor of sopamting barium 
and strontium in a pure slate and of discovering subsnlts of silver; 
Rismura, whose thesis was oue of the most rcmarkahlc ever pre¬ 
sent wl before the Faculty of t^cieuces of Paris, etc. In other coun- 
trira a niiml)er of Bert helot’s pupils teach in imi verities: Lou- 
guinine. Croiistachott, OssipofT. TimofeielT. Werner, etc., in Rimsia: 
.V. Werner in Switzerlund: Fogh in Denmark; Hartog in England; 
Bredig in Germany; Paul Henry in Belgium, etc. 

Berdielat’s activity never waned a single imftant. Last year he 
published a very extensive volume on tlic nnaly.Hj3 of gas^ He 
wrote out Iwfore his death a fifth volume on organic chemistn-. At 
the .same time lie kept up his lalxuTitorr rcsearelies, which, by the 
way, were tmiiitcrnipted for fifty-five years. Berthe Jot could, like 
TIotTmiiim or BffiVer, have realized n conjHderaidii fortune, but hn 
never took out a piitent nor derived any material profit from his dis- 
imveries. Olfera iitiide by groups of fanciers to turn into money 
tlie results of his rcseiirches were in every case declined. 

Very’ sparing of his time, it was not. filways easy to hold a desirtKi 
fonviTsation with him. Tn oreler not lo mb him of his leimire mo¬ 
ments, it WAS liest to meet him tmming nut of his inlHimtory. toward 
noon, and iiecompany him from tlie CoD&go de France to the lusti- 
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t«i* How muiiy times hove we thus wallced together down the me de 
I'Ccole de Mcdecln nmd the nio SlaKurin while he ehatted witli me 
im the results of his rwjeorches cjr ejcplained to me hi« ideas ott the 
latest sH'iiBBtional distwvery! But it was principally at the station de 
Chiinie vtfgetale de BcUeVue-Muudon. where he aiine each year in 
April or May and iiistalle<l himself and his familyj that hewiltingly 
received his pupils on iSimcluy mornings Thas. during his last 
journ at Mendoii, 1 was Quitting ^l’i1h him one (Mobiw mofiting just 
Ijefore his reitini to Paris. Veiy Iwtffy with ids r»*«*arch^ on rmlio- 
activity, he showed me all the speciinerift of f|ijarlz he had eolo^I 
in violet under the iiiHiience of radium, thus producing for the tlr^l 
time the synthesis of the amethyst. Then we passed to an esaniiim- 
tion of experiuieiits he was conducting, of which he was destiued 
never to know the results. Small glass tubes filled with different 
tnibstauces had for several days been rangeil about a central tube 
containing a piece of radium. N^o tra ns format ion was yet apparent, 
but he was awaiting some interesting modifications by the time he 
should return the following spring, if, however, ho added, he were 
still alive. 

Bcrtliuka’a conversation was never trivial; his phrases wore always 
correct, accurate, and simple, as tliD.ic of a scholar and thinker should 
be. He gave immedintcly the impression of a superior man. He 
was, moreover, a man of delicate temiierainent, '* There never was 
between lu*.'* said Henan, " I will not aiy a moral relaxation, hut a 
plain vtilgarity, Ti^g always acted toward one another as toward a 
lady we respect.'* 

It was a genuine treat to listen to him at the private receptions 
presided over with such distinction by Madujue tterthelot. He would 
then lay aside his thoughts of science to devote himself entindy l<i 
the interests of his wife and his friends. The Goncomls have dis 
scribed in tlieir ** ,Jnunial ” the dinncrH at ihe home of JIagny, where 
Bcrthelot wus.Ustened to with keen interafa by everyone. “ Kenan,” 
says Goncourt, '* followisl the trend of hia thonglus without failing, 
and I am certain that many of the ideas afterwards uttered by the 
philosopher in hhi volumes were collected in the course of convereu- 
lions with the chemist.” Bert helot had, in fnrt, a powerful influence 
on the greatest minds of his time. Both Renan and Taint* had a 
dee]> admiration for the learned man. Ii would !» interesting some 
liny to say tnore about the share of collaboracioti in Renan’s work 
that can be tracetl hack to the man of iscicnci!. 

Berthelol had six children—four sons and two daughters. He had 
the miafoiiune to lost one of hL# daughters, and moix: nwtitly a 
grandson, who was tragically killed in an mvideiit tm tlii^ cheniin de 
fer tin North “ No Iraw,'’ he wroti*. iiin b* eontpared to tht* litss of jv 
child wlio has grown up under tlie eyoa of its patents, bunounded 
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Atul i;iiKt»iiii!0 by their love,, tmd who is tuken away in the Qowcr of 
its youth, leavitig hi the depths i>l the heutts of its Dear relatives uti 
mvoiiaoluble grief.*' 

The dniiuatic death of the great mao of science was a startling 
pixKjf of the deep loee that bound him to his wife,"" There was be¬ 
tween these two souls such a dosw nnioiu such tnutnel adaptation, 
that their existence made a veritable “• symbiosc.'* Alien we saw 
liiiii come to the laboratory in those last days, his ap|x!'arunco told ns 
of the condhtou of lumith of Madame Berthelot. Pale and worn 
during the criiiciil periods, he walked with a step more alert during 
Ihu iieriods of impriivemeiit. A'e kiiew tliat the days of her illness 
W'ero numbered and we had no doubt but that her death would sliortiy 
]h* followed by ilmt of her husband. Their niiitual a^eeUofl was even 
tlw'per than we supposed it to be, for Bcrthelot w'a« unable to survive 
his worthy ccnupfinion. 

In all the realms w-herc the activity of a human being could be 
exercised, Berthelot had performed Ida whole duty. He was ii 
wholar, a citizen, a Uushand, a ffttlier, a teacher, without im etjual. 

Tt won hi seem that mich n fine natiiiv should never encounter dif¬ 
ficulties in its career. But this would be attributing to men a rapid¬ 
ity and accuracy of judgment to which they are hardly accustomed. 
Twomomlis ago T confided to him some personal troubles. He placed 
himself, os always, ut luy disposal to help me uvereome them. 

’ Mt-rtlictoi died iH [‘arts, JJaivti IS, listT, In the Pulals de riaatttut. vttrj- 
abortijr Hftur Ills wife hud 111701.11 her last hrmth. For seTcnil j-Dars Mme. 
tu-rUivloE lull] ftinu a wrlooE iiuart truubla wlilcU k>ft muiill bujie 

ht}T FLHLijvery. TowanJ 0 *^ be^TojijDif of Ain rub sb# EMKititue so mvLuh rbiti 

nil her a ml frlondn we-re vt?ry bierloiislj coucerDed aJbanX licr. Slu- 

i;x|KLri*^| r> uVloct hi ihL- of Alaivli 1 ^ Alx*ii£ 3 o'clock m 

iLiiil iliiy wlio luid au In till; PuMm dr llii£K|iijt itn |Hir|ietiinl 

Kt't-remi:?' of tlie Acudf^- of fences, aatai h\w coLlont^uo. M. Dartonx. b^ttjre 
of fhe? Aa^tdai^y, to look ovor hit* mull, fur hln wlfr'A rumlltlua 
^viirrli'd h\m. TL^ of thu laEtltot saw klm m>ss tho court wlUi Mjt 

nmiHl Hiiurt. ImrrM Eftrp und onlw tlie ^ienUfli: i.>^|[LtkllHlLiuisnt H® ut 

uutv Ta Ida to lako him pluce L^esld^ liLd wife, wUo wun tlicu ijuleUy 

jHifoilne nwny. 

all wasi over und whilo they were b^gEiiiilo]; to preinaro tln^ t>ody for 
burJal, M. B^rtbolot, oooipl^oly |>rok^ dowu^ Jt-ft tho rimiDbQr ttiid went In 
tlio nmt ruHfcfu lo he on the csiucli wIjltu hks wna acmiutom^d ilurlnft tbi? 
day to fai£tieh a few moDioiita^ When hr wait out ho wus lieunl to any, 

with lila Inhul on hla oLohU *" 0 h, fioiiietbliiB hore la aulTocotlng ineE * • • ” 

\'ory pbnrtly iifiorwarita they wont liUo tlio n^m to m- haw ho vta^ Ht> 
lay Htro^chod on tho oouch breotMujc Iinni ami evoryililtiE flint doDo for 
him jireval iiPoloaa, Ifo sfueeiinilu^fl siliiiuiii Lnuuedintoly, following n Berere 
cLonkluft of tho hofirt net Jon csius^ed hy hi a omotloua, and It was in Tain that 
ihr t»byitirtanr<. callpd buck with all ha^re. tried to restore hinL The preat 
chonilat woa dead: br KiiiJd not luwr up aador tbe Joej^ of bla dlatlnsrulsho! 
wtCo, with w^lioiii be hud dvod for m mnu^- yenre In atjcU a perfect mitntk 




684 EEPOET SHITBSDNTA^ institution* l&OTi, 

Thfln lie added: ** I was talking last night of the past* with Mndame 
Bert helot* and we arrived at the conclusion that 1 had not liTcd a 
year without having a struggle to keep up.” Sincerity always ends 
iu triumpli. On November 24* 1901, m Lluit memorublo meeting on 
llie fiftieth mmiversary of the profe#tsor^a scientific career, tlie scholMrj^ 
of the whole world came to pay their respccla in recognition and ad¬ 
miration of Berthelot, 

After having listened to several of the two liundr^d addressc:=i 
doming from all comers of the cirilized world, Beribelot arose and in 
the midst of the general emotion, in a clear and distinct voice, made 
u memorable speech, of which I shall try here to recall the lieginnlng: 

I an prorouDdl^ touched aM <»iDp 3 ete]v by tbr honora ihnt jxiu 

beatow tipoa m* at tbta nioDient. Tbenr Louora, t knuw, are not doe akuie to 
your i>eraoiiin reganl for me; I Hboukl attribute ihero liJiwi to my uge, to niy 
lalKtrifi. and Ut hhcIi uenlceB na I bave hom ahle to reiaclor to oor country 
and iHiP falldw-iwen. 

To my age Brel of alL Tour f»ymjuithy makes tt Hhlnc 3 Use the Jupt burst of 
UKht from a lami* on ibe lailnt of being extlugiilsbiHl la eternal n.labt! The 
re^wet that tLaRiaiiUy jiaya to the aged Is the of the blnElLug force 

ttmi uiiltefl the iireoetit generatloiia with tbcHse Uiiit Ln¥e rrcceiled uh^ and with 
tJioaa that aj:e to follow. 

Wlmt wc are dne but In Gmail ttuhaamr to our own labor and to our per^ 
ftonoi tadli ldimlltyi for we owe It olmoat entirely to our ane^tora—^aacootora 
by blood iiud uniwtoni of onr elmrncteTH If atiy of ua add nnytblog to thv laMii- 
uioB good Iu the realm of Bclcuce, qf art, or of moniUty, It In hccauHe a long line 
of g^etutloTia has lived, tolled^, ihouglit. and aiilTorod before uil ll la the 
I^tlDut ofrorra of onr predeec'ssons that ba# eroaiMd ihlB sclenco that you boaor 
tii-day. 

I^oli cifne of us* whatoref liaa Ijcen bin iudlvldual Inltmtlye, aboiild Ukewleo 
aitiihHle a i.‘onEldenihlo (jart of hla aucceiiE to cuntemiHiirary ^holan competlDg 

Willi bbti la liif: erent cii>amiOQ tnwicH 

111 faet, for the brilliant iIlBeoyerleB of the imst i^alury, for thesa dlRioTerleE^ 
let ua jiTwkilns It boldly, no one in^rmn haii at atl the rJabl to elalui excliiai^^ 
luerln science ePBenrtnlly a eolleetive work, pumietl dartfir the course of 
time tiy the elforta iif a laaltltade of workw of evor^- age aad of every' imtloat 
auei-eedinj; tlwianwlvcis aad ot^tutliot hy virtue of a liicit uuiletaitandlj^ for 
the paarcti for imto truth mid for the jtpiilU'atIona of that tmtli to the coutlaiioua 
taTtl erment af the euudtUon of all laojakhal 
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LIXNVEAX MEI^fOETAL ADDRESS.- 


By EDW.ULD I*, ClitEE^rE. 


JNUKmrlrroaY* 

Till: personHUt_v of LinriRMiE and bin liuninons career ms ii scientific 
mnn maicc u topic much too large to !jc presented even in mere out¬ 
line within the limits of an hoiir. Tf tins were an assemblage nf 
bntunists exclusively^ still would the time be too aJiort for the worthy 
eunsirteriition^ not only of Linnaeus vlH a iKJtuniGt in genera 1^ but of 
hia -services to any one only of the several departments of the science 
wlik-h it is Im glory greatly to have udv^nced* But then, a Ixitaiiist. 
a very gi-eat botanist, he was also much more than that. I have a 
fancy—it may be more and tleejjer than a fancy—that a great man in 
whatsoever profession, a mail of power in any branch of seience, h 
giTater than the bisience to ^vhich he devotes himself; tliat he him¬ 
self fjersoimlly is of more moment, and ought to be of deeper interest 
than his science: yea. than all the sciences that are or ever shall be. 

If we could in thought divest Linna-us of his ay stem at ic benany 
and zoology, we sliould still find ourselvesi in the presenee of a man 
of the highest educational accompUslmiciits and general culture, 
clear-headed an^ orijpnaJ as a thinker, a philosopher, religioni^it. 
ethnnlogist, evolntionbit. traveler, geogntplier, and a moat able and 
|>ol[billed Ilian of letters, Tliese are many different aspects of a great 
character, the presentation of which, one by one in a disscourse, might 
intei-csledly engage the attention of otiicra besides natm-c studenta, 

Coiifninted by so very much that may be said, and which it might 
seem ought to be said on Hm day dedicated to Linnsu^, irnd, 
cheeked by the conBidoration that only a few selections from out the 
whole mass may at this hour be taken, where shall one begin? 
Wliither shall one proceed? Whal thrilling pasfsnges in a career 

•IX'llvercd ot n Joint mDotln^ of tJjc Wnsliliirloa Acndimiy of Sclraicei. tHe 
Itlologlcal Society of WaiJiIagtoti, nud the Botauictil Society of WaslUnstoa, bcia 
of Hiibbord Memorial Halt oa the occuoloa of tli® two tiaodn>dtb aaolvcrBary 
of the birth of Carl von Llaoe IJxiiiicuRh May 23, li+07, BeitrLutfd 

hy permlsalDD, from tbe ProcociUini^ of ttic Waalilji^oo ActuJemy of SclenccB, 
Jalyp IBOT, 
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m ii]rj)C£it marveloiii^ sift 11 be left unnoted ft?r want of time^ and of 
whal few of them liiiall the rehcarsial be iittempted? Or, reducing 
these questions <lowii to two: Shall the fmn be pre^iented with cita¬ 
tion of bia struggles with adverse cimimatunce, and of the abntjai 
incredible patience, indiii^trv. s^enl, imd i^csolution with which he 
cofiqiiei^ and rose to high renown! Or sliall one consider rather 
ihw ic^rk of the great master of boLanicid theory and taxonomic 
abstraction? There xvill nut now be time fur both; not even though 
uttempted in moi-e oiuline. Sty own inclinations fav^or choice of ibe 
latter, especially for to-day; cireiniisfangts indicate that s^iich a 
choice would liert' be also inopportune. Our Washington botanists 
at thbi ^^itson of the year arc mostly fai‘ oBeldj in the service of the 
Government* f >nly a fair cleLegnlion of my colleagues in this iKrieJice 
is here present; and this enlightened audience as a body I am per- 
sundeif would ninch rather hear ^mictbiiig mor^ about the man 
of whom all the world of education and of culture bos beaixl more 
or le^. Even on rny own part 1 have already expressed the yiew^ 
that tlie man should first be known, that w'e may tlic better compre¬ 
hend his deeds. ^ 

AXt> cnnntfoon or MxKitnje. 

Wlien LSnnirns, on the 23d of May, two hundred years ago, was 
bom. I think it had long l>ecn predetermmed that he should be a 
Imtanisu and one of liigli distinction* ’UTien I say predetermined^ I 
do not use ibe word in any sense of theological predestination or of 
astrolugieai forecasts I have but the recognized principles of natural 
heredity in mind. And* unless T err, there was more inhented by 
Linnaais than his biogniphers seem to have guessed. They all rej>cat 
it that the father;, the Hev* XiLs Iuniia?us, a Swedish country clergy- 
maiu was fond of plants, and had a choiw garden wherein he took 
liis daily pastime, and that in this garden his first-born child devd- 
oped those predilections which at length became the despair of the 
father, yet led the son eventually fitr up the heights of fame. ^Vll 
this is authentic, and well told by the several biographers; but there 
is more in that history w'hidi to me Seems well worth telling, and 
will give ligJit upon the derivilion of LinnEcus'S genius as a iiotunist 
and upon Jusi nccpmpli^hiuenbj cm a man of learning and of letters* 
Let tis go buck to the second generatioTi of bis ancestry and glance 
at men. w'omen, and fk^ntil conditions. 

The grandfatlier of LinniEiis^ on his father's side, was a Swedish 
peasant, by name Ingcmar Bengtson* Hia wife had two brothers 
’who became nniversity graduates; were afterwards cle^^men of some 
distinction, and men of reputation in the world of leaniing. These 
granduncles of our liima^us mlercBt us because of their baling fig- 
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uml i^jmewhat coiii^picuous]y as stat% of tleKtin}’ in relation to biui 
long iHffuiv hU birth. Tliey ijran hue! somewhat to do with the origi¬ 
nating of the ftmiiiy name Linnsens^ But for their iriHuencie in this 
cliri'ction it is probable that tlieir grandnephew, then unborn, if ho 
hat] distinguished hiiiiaelf u$ he did, would have been krtown in Iiis- 
trjTj' and to fame not as Carolus Ltntufus, but as Karl Xikson, That 
tliese granduncles of Linnseua were Greek scholars seeuLS attested 
hy the fact that, in assuming a new fauiily name, after the mediaeval 
usage of those who arose from llw> humble estate of ineasantry to the 
aristocracy of leiirning, they choose the Greek name Tiliander They 
were IGirl and Sven Tiliander. In their boyhood they had been 
know'n simply »,<$ Karl and Sven Svenson, and if they had remained 
iincfliicated, and In tlie same lowly anti simple estate in which they 
were Irtm, they would have been known by those names to the end cd 
their lives, Karl Tiliimder rose to wealth and station, adopted u eon I 
of arms, in a word, was an arUtocrat, but died childless. His grand- 
nepliewr, however, laini ten years after his death, was named in Ids 
honor, lii fact, Karl Ttliantler and Karl Liniueus ure, in meaning, 
Uu! same iiiime precisely. Xow the other great uncle, S^t-n Ti liander, 
was a minister, had a family of ministers son* to ^ueatv, and was 
generous enough to receive as nn» of his ow n eons Ids sister’s son Kils, 
to la* eiliicated witli them. This iiemnnt boy, Kils Itigemursson. re¬ 
member, is the prctlestined father of our Litnurus. But this boy’s 
schcad scene, lying aw'ay hack almost upon the edge of medifcval times, 
and afar in the nortii of Enropu, well toward the country' of the mid¬ 
night sun, is a pleasant scene, before which we must paura a moment. 
It is in midst of a time when great people may lead simple lives, anti 
when U family group of hoys, destined if possible to tlio intellcclmd 
life—and at least to one of the learned professions, are not at. lirst 
to lie sent away from home. ITiey live under tlie parental roof, and 
their Latin tutor lives there with them. Ttial is the language in 
which, later at college and at university, lectures on all subjects w ill 
be given; it will bo tbo language in which most of the books there 
used are printed, the language of recitation and of student debate. 

So ibese omali Iwys at home be^n laitin. They also so licgin it 
as if they were to become interested in it, and really to learn tho lan¬ 
guage,^ and not to end with a mere smattering of It. They are to 
.speak it, as well an read and write it Tlierefore it becomes at once, 
in as far as posable, the modittra of spoken intercourse between tutor 
and pupils, the father of tho family himself incidentaJly aiding the 
tutor by addre^iiig the young^era at mealtime or ^creation in 
Latin, and requiring them to answer in that, aud not in the mother 
tongue. It was a serious bufiiness; the entrance to coBege, the ma- 
trieulafion at any university, tlie ri.*sing to any learneti pnifeAsion 
even, are dependent upon the boys having made good pregresa in the 
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iicquLsition of iit Mmt tiruo the univerMil language of the edu- 
The Swede or Fitilander if a college imin, might visit 

every voiinLrv of Europe* and converse willi the men of the colleges 
and universities everywhere,, Tvithout learning one of the nuKlern 
[uiigiiage^. Linnieus even, two genemtions ihis side of the ej^'h 
of Ills great iindes. the Tilianders^ did this. Now, among thw aristo- 
eraiic easte of the lenroed, in niedi&val times and later, it was almost 
the universal custoru with men of lowly origin to drop the ancestral 
family niinip and assume a Ijatm one. It was n fashion of the timv; 
and, as I have sai<h the time lasted thraigh many centuries, WTien 
Latin was the language of a certain social ca^ite and iho langunge of 
almost all authorship, the canons of good taste seemed to reqiiii^ 
tliat the author of a Ijook in Li tin should put his iiaiiie in Latin 
4 Ml the title-page, and not in some l^arbarie Teuton!an or Riu^iiui 
oi- .Scnudinn^dan or Englisth form, to whidi, as to a plebeian in- 
herilance, he tnigiit cliance to have been born* Such is the origin 
tjf the general circunistance, famUlar to all botanists, that nearly 
all the thonsandis of vulunias of Ijotaiiiciil litcnUure that luitcilato ttio 
I peginning of the nineteenth century are by authors whose names are 
plainly Luin names. The sjime is true of the earlier literature of ail 
011 r seieiii:es. It was all in Latin, and the authors^ name^^ are Lit in 
names. 

The greatest name in astronomy, hut for the man^s ijatinisation of 
it on the title-page of bis immortal lx>ok, would have come down t« 
pobierity as Knpemik, But all astronomers and all other lxK 4 >le 
LM'! 5 iides should be grateful that, tlie book being in Latm, ha wrote 
liimsidf not Kiiperruk but Co|>emicnB* The most illustrious of tild- 
(ime Chinese sages was an<l ik known to his ouuntryiiien as Knng-fu- 
tsee; but the T*«tin scholars who, some centuries ago, first brought 
him to the notice of the western world wi.scly tind tastefully Latiiiized 
Kung-fn-Lsce to Confucius, A single generation earlier thim Liii- 
niens there flouiishcd in Germany one of the greatest iMilanical 
celebrities which that country has produced. ITis splendid folios uro 
iiotv so rare that onlj" the choicest bolanlcal libraries of to-day are 
able to catalogue a set of them, and they were verj' helpful to the 
young Liinnffius. This famous fierniaii, as a boy, and before his l-oI- 
luge days rejoioed in tlie plain everyday Teuton Ian name of Augus^t 
Bachman, Afterwards, as profe^^r of botatiy at TjcipKlg and the 
author of immortal kioks of botany in Lnluit he assumed the inost 
[lerfiH^t itiuntcrfeit of an ancient classic Latin j^^rsonal name which 
1 i-aii rtK^alb This August Bachman ia known in history' and tu fame 
as Aiigiisius Qiiirinus Itivinus, The name Hiviuus was arrived at In 
the fiimpliiist kind of a w^ay, for it is nothing but Bschiuan—the man 
who r1 wells hy a rivulet or brook^—translate into fjitin* Now' just 
as Kivinue—in German Bachman — recalls a stream bank where tha 
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Bnchraan family lived, so those forelwars of ’who, on rising 

lo I fie rank of gcinlry, took iJie Grw,y>-Tjitin iinniie Tilintuler, tltose 
that, iIjiproved npjjelJfltion in allusion to an object in the landscape 
uwir their home. That object was u remarkably largo and ancient 
linden tree, a tree of s|)wial note all over that part of tho country. 
Tiliander. Lind-tiiee-tiinn, or, more in brief, L'mnmtin. In So-oiUsh it 
would bo Tdndman. So these two learned brothers, who became the 
head of tlie Suetiish family of the Tilianders, chose a botanical name, 
iucEdwvtally presaging the botanical halo that was to glorifj’ a fiitiirc 
scion of their stock under the same name somewliat altered. Now if 
the mitiio Tiliander was prophetic incidentally, it had not been chosen 
accidentally. 

The Kev. Kmi Tiliander, uncle and foster father of the father 
of I.tiriri«Mjs, was a devotciJ lover of trees and plants. It oaa that 
passion for Iwtnny which determined his taking the new and classic- 
soiiiidiiig fanuly name from Um great linden tiw. At the time of liis 
taking his nephew Nils Ingetiiarswn into his family to make of liiiii 
if possible a sulmlar and a Lutheran priest, ha had estciisivo orcliards 
and gardens to the oiro and impniramcnt of which Jio was cntlmsi- 
asticnll}^ devoted. This cntbusiasni fur audi tilings Ijw^ntnc con- 
Liigioiis in the case of his nephew Nils, insoimiefi that the Imy found 
delight in going witli hL^ unde and Jidping hun in orcharfl and 
garden. Twenty years or so afterwards, when this nephew, now a 
learned graduate iiml ajaiatant niinLsler of a parish, as the Hev, Nils 
LitiiiH-us—no longer Nils Ingeinarsson—he was so d<rep|y imhiiGf! 
witii tile lo^T? of the beautiful things of the plant world that he Itegaii 
the establisfnnent of orchard and gardens on the parish farm when 
his residence was established, A word here as t<j his new name 
Li I line us, which had no-w displaced that peasant’s name, Ingeinarsson, 
lo which he had l>een Iwm. Iteared and educated along with Jiis tirst 
cousins, the Tiliander Imvs, it nmy lio Bjwutned the -wliole family may 
Imvv tlioitghl it Ijctter that, as sdiolar and gentleman, he ahoiild take 
some other name than Tiliander. At all events, and quite os if in 
grateful love of his uncle and cousins, he took a name precisely the 
^iiivalent of theirs—the name of Linnteiis. It is not quite as elegant 
in it“ construction m Tiliander, but its meaning is Just the sumo. 
It 1 .^ another way of turning Lindman into Latin. .\nd so Nils 
Jiigcniarsson, by changing his name to Linnwus, p.^id high conipli* 
meiit to tliut uncle and benofiictor, Sven Tiliatidpr, to whom he 
owetl so very much, commemorated again tiiiii omiunent of the 
northern landscape, the great linden tree, and supplied to all scientiGe 
jwslority the iUnsirions and iiiimartal name Linnaius. In view of 
this, that the mn-d signal and lasting service that the greatest Liii- 
tiHfUS renderwl Iwtany was the reform he wrouglit in the Latin 
nomenclature of plants, the derivation of his own name, its botanical 
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orijfiti tint! diaructti*, fan not fflil to of interest to all who^ on this 
lijfi two hundredtJi natal (lajii iinito in oolebrating bis imperishable 

fitnie. I 1 • ii 

llw Rev. NiU Linnmiis was no fiooner marrietl anil settled lu the 

ch«rf!« of a parish than Sie bcgnn tiie t-rendou of an on-liard ami gar¬ 
den, following the inspiration he had received in lioyhooil while mnler 
llie Iwntgii influence of his uncle, llie Rev, Sven Tiliander, hen 
Nils Liuns'uss gurdeii luwl been four or Uve years estahliulie<^ d»o 
proprietor liogan to lead within its precincts bis first-liom chLldf a 
small white-haired boy, active and iutolligent beyond the average for 
his venrs. Flowers, beyond all ilitngs else, were this small child s 
delight. Kven at the a^ of four years he know the names of all tho 
familiar kinds. On » Tilay-day picnic cxeiirsion that the pastor 
the children of the parisdi, to a wild and beautiful spot some few 
miles away, this botanical nomenclator, tliat be ivas to bo, nearly 
monopotiwd the jmstor’s time with (juifttions of plant names, iiuny 
kinds, to him until now unknown, and therefore naioeletis, he tiiurtt 
ha VO names for. Some of them were forgotten within an hour, and 
were hroagiit again. The fathers pationre gave way a little, and the 
thnrat was made that unlesiS Master Kari Linneuis was more careful 
to remomlier them he would get no more pbint names at all. If the 
Itev. Nila Linntrus had thought it time to begin to chwk his child’s 
extraordinary seeal for plant knowledge, this was the wrong way to go 
about it. That threat, though a mild one, would bo sure to have thA 
opp<wite effect. If Hus infant had inhiiritiMl the fatliers lomperamcnt, 
the matter would have been uniniporLaiit. I may rntUrr say that, if 
the child Liiinteus had been of the fiitber’s tcmpcramcni, this rcatlesa 
activity and binning zeal, whether for plaiiUs or for anything else 
under the sun, would not luive been there, and that .small wbito-haired 
ScaiiLliiiaviaii child’s birUiday would not havo been celebrated on two 
dr tlircc conlinents after two hundred years. 

If a paradox like this may be ventured, niie may luiy tljat the 
fatherhood of a great man must, in many an instance, be credited to 
the niother. The man of power and influence may have for his male 
parent one of quiet, retiring maimer, unaggressive, unambitious, and 
even slow, if the molhiT lie very decidedly of the opposite temperament, 
iicti%'e, energetic, ambltioiiH, ardent, and uhaj young,strong, and in per¬ 
fect henltlu dust Ihe:^ conditions prevailed at the iiathity of Liti- 
lueiUk The strong diatacler in lluit household was the mother, Chris¬ 
tina Btxxlcriion Liumens. It is safe to infer from her aniocedente 
that she was a wnman of rufinenicnt tind perliaps immmnl mentality. 
She may almost be said to have bad none but cultured men among 
her aoceitry fur three generntions back. M’e have already acen that 
her husiiond was her fathor's sucL-essor in the Stenbrobull pastorate. 
Her father had not only heeu pastor there all his official lite; he had 
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Imwii fxini tliore, as tJi€ son of the pastor whom ha in tom succwded; 
m that her father and her grandfather hud been pastors of that 
parish all their liv'rs—so to speak—-while ihe priest who pret.'eded 
her paternal grandfather in that same cburidt hail been her great- 
gnindfather on her mothers side. Realizing now that^ when in the 
nhieti^nth war of her own age Ohristiiia Lintiieus’s first-born arrivisl 
at (he jiiinionage where both she and her father before her had twen 
Imrii, w'hero a grand father uf hers and even a great-gnind father had 
hell I tifi^^long pastorates, we pa rtf on tha ii mbit ion uf the young 
mother who set lier whole heart and soul upon ihe plan of having 
this her first-bom trained and fitted to inherit that pastorate already 
liLstorioally so reniarkaWet of wliich history slie could nut but l)e 
proud. 

SCHOOL, C50LLE^rE^ ANI> TJSTVEESm" rE.VOK* 

+ 

TIk' moriltil iitiininf' of tlic cbiJc! iras. of itoorw. tiogiin at 

Itoiiii-, Al T years of age he wsh well enough advanoed to have a Inlor. 
At 10 he wa£ sent tiway to a Latin schixd nrul theological prepuratorv 
iit ^Ve.vio. not tiuiny miles from home. After ciglit years there, the 
progress made in atudlea looking to the office of a Lntheraii ecclesiastic 
seems not to have been satisfucton'; and now the Rev, Niln LitimeniS 
came journeying to Wexio. The itistmctors. whose duty it bad been 
t<> train the Ikiv in Hebrew and biblical learning had failed to interejit 
him, and they soiil to the fiitbcr thut they i.’onld not. oh their con¬ 
sciences, advise him to contintie the youth at iichaol. In their view it 
wonhl !k» iHJtter at once to iipiirenliec him to the learning nf ^omo 
htttidicnift, that of ruqjenter or tailor, for example. Doubt loss this 
entinsel would have been foHowctJ but that Pastor Ltnmeus bad 
another errand at 'VVexio that must he attended to l>efore the disheart¬ 
ened return to Stenbrohnit, whether, a.? it now seemed, ho would have 
to convey his sou, now 18 years old, a* withdrawn from college 
lH?cnuse of his Laving jio taste for Icandng; that is, theolo^caL 

Ihistor Linnieus's other errand was tlmt of placing himself under 
the direction of an eminent physician of Wexio as to an uilmciit of 
his. Tlie physician was Ihwtor Rothman, who was also a lecturer on 
meilicine at the c'oUege; and this man, us it hapiieuetl. both knew and 
was much interesltsl in the youthful member of the Linnteiis fiunilv. 
When the father conddingly mentioned his deep grief over his son's 
fiiilnn^ St school, I>uctor Rothman was able to cheer him with n very 
ditlereiit aceonnt of his boy’s proficiency. He was so omfident that 
out of this bright youth n great physician might be iiiado that Iw 
proposed to re«v;ive him. with the father’s conwnt, into his own honso 
for a year and give him special iiistrnction, free of all charge{ and 
this was done. 
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Xoiv. whilfj miikiiii? tiinisclf tli« -U-^pnir »! his tutors i.i Ilebre^v nml 

wliiii lia*l tht vcum}; t.iniiEetis amimplLihiiig nl! th^ 

vpuni? Thf tiilcr which these thought him he liml ntit bi-eii. Iii 
iiDiLlicninlies ami physica he wiii; quite distiiqiuishtHl; mnr&A'er, hts 
stiident eomrndes called him always tlie little iKilmiist, thus hy chniiit" 
conveying the in formation that, as a youth of IS yeiirs, LiimiPiis was 
Hiiiall of stature, iiud as much as possilile given to botsiiiiKinp. I te hm* 
told US himself that, during all Ids yt^t^ ut Wesiii, the mUletlor days 
were those of his petaaiomd walks acix>E8 tlie wuntiw m mili^ to llic 
liotiio at Steiibrnhtilt,wludi gtive opportunity to study the wild plants 
of the wiiysicles. He had also acquired ixrtiiin books on botany 
Swedish local tloms-^in the study of which ho had busied liimsclf 
day und night imtLI he almost knew them by heart, os ha assures us. 
The titles of nt least three of those hooks, and csiiccially their au¬ 
thors* names, must needs Ite given on a Iduntean bicenteiiani’ tliat is 
celebrated Lti Anierit'a. The fitness of thh^ tuentioii you shuU see. 
One of the books wasRudlw'k's lIortiLS Upsaliemsls (IC.'iS) ; another 
was Tillandsitis's Flora Abernsis (IfiTa); the third IJromdinsst 'hloris 
(kithica {Uifl4). ft wiis to ihe giatcful memory of theisr ,S'aiidi- 
navimi botanists, Kmlboctiiis, TillaTuiaiu^ and BromeUus, all of them 
dcail liefure Linnwcus was Imrn. that he, in the days of his lovn fame, 
riinscerated those fine Ameri<‘an geiienu Ru/thcr^M. TiltiuuinttK nuil 
liromfiift. These men, by their Ixioks, Imd b«m bis teachers of botany 
while he dwelt at Wexio Iwt wccii the cleventii year of lik age and the 
luneteenlh. It is true that tlie works of these men were not of the 
iialiire of what would notv lie cnllcd scientific Imtaiiy; that is, tlm 
plants disciisseil were imt ariiingefl acrording to any notion of their 
afFuiiticj^. The order followed was either that of the alphidietio 
order of their mimes, as in a common dictionary, or else, if they wer*? 
groLiped at all, the grouping was according to their iii«lichial prop¬ 
erties or other economic uses. .Ml thesit iaioks, so much belovcfl oml 
rev end by theyoiilhful Taiiiiatiis. Iind Ixtcn piihlished before Tourue- 
fort. who, praelU'iilly, and at least for the lime immeiUutdy ante¬ 
cedent to Idiiiiicus, was the father of natural system in botany. 


Tl Ei.4 an minntf; nf I>o4!tor Rothnmn'A touseliold^ iind while 
prepjiring' under his direoliorL to ontfr s^oiuc university aji n eaiididuti? 
f^ir the dix-tumle in niedidne^ tluit n lu^w tluy drtwiied upon 
liorij-on in resjuRl to hi.H botiinieal reereations Jiiitl piirjont.^, Tlio 
iMXiinicjil fiV^iteju of Tournefiirt tuul tmw lmn\ Imfure the [iiiblic for 
some thirty years. Ills work was the most eomplete aod si^iul biie- 
trss that ever htnl Iwscn. and I may oLmost say^ that ever yet has been, 
iri ihe held of liotiinkal L^ntlionihip^ because it ^ms to have cupti- 
vuled the whole botanical worlJ without arousing a jealous enemy or 
idiviling a 1100 of ail%"erse eriticism for twenty yeacs^ save only u mild 
prutesl ivom tbc geiule John Ray in England^ who, clearly su[>crior to 
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Tourncfort fis ii [lotaniiit, nuvtT incjiHured Inilf tlu- latter"^ atscc?&ss ns ati 
iiniin?Hint€ jiikI |K)piibi' iriHiieiict;. Vin^wed wiUiuui blttt5 nr pn?juilice, 
and in the pcrjjpecrtivp of tvro centiiriijs. TotirnefortV In¬ 

comes tho most i^on^piduous landmark in tha wliub Uisitnry of botany. 
By no othrr ont? aaibnr"s lielp did ihi* science make a stride in Hilvsmoe 
oc[iitiI to Lhat made ujider Toumefort^s iniktence betwetm ihe yt^u^H 
1094 and 1730, It is import-ant that these things be taken note of herL% 
l>u t]ie day when LintnL'inj whs lK>m two himdrcHl years ago, Tourne- 
fort's diiK^ling star was high on the hotnnieiiJ horizon- It was at its 
Tnrriilian when, ni IS years of ege, LinnoHi^ fell under tlie iMiiign ki' 
flneiiec of Doctor Kothman at Wexio. This inan made ni> pretensicais 
to botany, ljH?yond what any first-class pracLicing physician of that 
jierkid had to know; but he had full knowltslgi? of the gi^at faim? of 
the Pjjrisian^ Tonrtiefort, and had in his iibroty the (lermati Profes¬ 
sor V^aJeiitini’s “ xibrkignient of Tournefort's Eknients. l>oetor Hoth- 
man had evidently studied Tonruefort and been fascinated w^itb lih 
system. LiiiJiaais, llie yon Lin away iti the distant nortli^ the pupil of 
none but thecdugienS;, Imd not so much os heard of Tonrttefori. UoLh- 
rniin tobi liini frankly that all bin recreations with plants were ikile 
inuter tliiiii WfLsied time unless ho should l^egin to reqognke thetu as 
interrelated by characteRj of their fiowers, as Toumefort hud taught^ 
From the day when Doctor Kolhinun phu^cij in his hands \"nlen- 
tini's key to the twenty-two Touniefortktit classes of plants, the 
young l^innieus bent his energies in botany to usanilining by tlieir 
orgauographic marks to what one of the classes of Toiirnafort each 
plant that he fotind belonged. It was a day Unit completely uml 
iJioME hapjjily revolutionized this brilliant youths conception of the 
plant world, as well as his metboii of inA^cHiigatiiig it. It \va-^. in 
fad, the day when Linnaeus^ acenrding to bis own testimony aliout it^ 
tirst begun lo lie a Ix^tnnisl : and thonceforw*ard the illiunrioijs l^ari- 
man had never a more zealous discipk\ until after some years tbe 
ardent disci£>le Ijegan. and in some res(>ectii deservingly,, to suiH^nn^^de 
the master^ It is hardly to the praise of Lintneus that in ufLer lifcj 
when lit tlie height of tii^^ own resplendent fame he was dedieating a 
genus of plants to each of his chief Ix^nefadors of earlier days* he for¬ 
got good Doctor Kotlunan. This man had been the firsts and p^'rhups 
!lio riior^f important of them all, even from the view -|xiijtt of botanical 
fmining. It wan ccrisi inly he who, as far as utie can see, saved the boy 
Enmueijs froni oblivion when his own father had resolved to iipprei^ 
tice him to a cabinetmaker or ii tnilor* It was he who^ having as¬ 
sumed, m it weiie, sponsorship for Liniuviis us candidate for a career 
in science, placed in his hands the tirst hook of ™I Iwtany that the 

“Valentlnl (MIelmel ]k>mlainlu profeswr In Gl«?seii. TuurncriintNa COn- 
trstctlM, t’miikfurt niu MaLii. ITIS, ftiUy^ pji, 4 tah^ 
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youtU bud ever seen, and taught him liow to begin (o be u Iwtanist; 
introduced him to the illiistriou« Tuuruefort, who ut once Ijecatne the 
lode i<tar of Ltnna'usVi own genius for ycara to come. Yet to tlio end, 
of Lintt«‘Uii's days tJtere was no genus Professor Tbnn- 

Wg, once n pupil of IdnnieuB at Upiiala, and long ufterwards a sue- 
fK«or of his in the chair of botany then*, made tardy reparation to 
the neglected memory of Doctor Roth man after botli benefactor and 
bcneliciary wens deod. 

After one year under Doctor ftothmaii’a palninage and iiistructioiij 
it was tbougbt advisable that IJtuueus shoidd enter the university iit 
Lund. In eonneelion with the transfer fronj Wesio to Lund llu're 
was all illuptration of how, in the estremities of their need, fortune 
favors at every turn the men of genius ond of high destiny. It was 
rctpiisile that the candidate should carry a formal letter of transfer 
from the head masler of Wcaio Academy to the rector of the Uni¬ 
versity at I^md. The hcail of the VVerfS school, a professor of 
divinity, must have Ikh-ii the selfsame who, one year licfbre, liad coun¬ 
seled Kils Linnarus to abandon all hope of Karl’s ever becoming a 
clergynian, to take him home, and apprentice him to thu lenroiiig of 
some useful handicraft. To this mun young Linnffius had to make 
application for the neeessaty eredentiala. .\s a matter of routine 
duty, tlie letter was indited promptly, and banded to the applicant. 
It was brief,and rhetorical; and, whelLier by chance, or of dclilicrate 
put^Mise. the Kgure of speech employed was iMtanical, " Roys at 
school," ho writes, ** may be likened to young trees in orchartl uurs- 
eriea. where it will sometimes happen that here and there aiuong the 
sapling trees arc such as make little growth, or even apiiear like wild 
.sei'clliiigs, giving no promise, but which, when afterwards traiis- 
plntited to the orchard, make a start, branch out freely, and at last 
yield satisfactory fruit.” 

On reaching Liincl, Linnicus first of all paid his rusjwctif to Prof, 
(tabricl lloek, wlio some years before had been an esteemed tutor ol 
his in the earlier days at Wexio. Tliis gentleman was so much 
pleased at seeing young Liitnaeus there os a postulant for admission to 
the university that he at once, and in complete ignorance of that 
hiimiliatiug letter, proposed to hiniFieif the pleasure of introducing in 
p4TSipii his former pupil to the Rector MagnlfiL-us and also to tlie dean, 
tiiid asking that he be registered aa his own former pupil. This done, 
goml Prof. Gabriel lloek, like a veritable angel guardian and helper, 
iuid knowing the indigem-e of Liuna'us, went further and pmeured 
for him free lodgings under the hospitable roof of one Dr. Kilian 
Stobasus. 

Doctor Stobams, at the time only a practicing pbyacian to the 
nobility and gentry’ at Land and the regions round about'—though 
afterwards one of the head professora at the unlveraity—at first saw 
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in yaiitifrLjnn(ri)!i nothing but an inflip^nt i^tuilent wtlh tbo profot^sion 
of metlioinp in view. iii« only possessions seeming to be a few itooks of 
medicine. But the student, on tho other hand, fuuiid die Stolneus 
domicile a wonderful und foscinating place. Tliere wui? a library, 
evidently precious, boot use it was kept locketl. There were, however, 
open to any one’s- inspection a niimlxi^r of cftbineLs of nut und history, 
collections of nunetuLs. shells, birds, and—^what Lin mens, though he 
was now 20 yews old, had never liefore seen—on herbarium, n coMeC' 
tioii of pressed und dried Imtanicnl specimens. On this su^^g^tion 
Linmeus; at onre Itegan making an herbnnum of his own, its rontents 
Iwlng the plnntjj of Lund and its vicinity. But what be wishotl for 
licyohd anything else was ot'cesfi to tho library, though he did not dare 
afik for die privilege. Then* hi* woidd 1>e sun* to find the ivorks of 
Tonrnefort, original and nnabridgi'd. and even older and rarer stand' 
ards of the best botany. The privilege came at last, and in u re- 
nturkalde manner, by a chain of circumstances that demonstrateH tho 
young Linnwusa irreprtesihle zeal and must unexampled industrj- in 
acquiring knowledgi* of Ijciiuny. 

Doctor Slobicus, the owner of the firet- tnusciiin of tuitural history 
that Linria'us liad beheld was. hy Jjinna^iis's account i>f him, not onlv 
of great learning and of surpassing skill in the healing art. but aho 
hiuLself a feeble sickly man, having but one eye, U*ing also crippled 
in one foot, and a gloomy hypochomlriac. A studciii or two in his 
houseliold was a necessity, ifuch of his medical practice was by cor¬ 
respondence, und on .some of the professional vi.* 5 Lts the student iniist 
be sent. At the time of Linna.*u.s's coming, a medical student from 
Germany had long Iiecn Doctor Stoluteus^s main dependence for help; 
was ihoroughly trusted, and his riglit-hand man. This olderwtudent 
the magnetic young Linnams In an innocent way, and luilf imcon- 
scioiisly, appears to have at first captivated and then bribed into 
helping him in respect to that which be now most desired. ' 

An old and honored inmate of the doctor’s household was his 
mother. She w-as a nervous, fretful old lady, much troubled with 
sleeplessnes!^ A window of young Litinauis’s room a'as visible from 
where she tried to sleep, and she observed that, after this netveomer 
had been in the house .some weeks, a light seemed to be left burning 
in his room, if not all night, at least uutU well toward morning, when 
presumalily it had burnt itaelf out. She reported the case to her son, 
und insistently, as a thing that ought l>y all means to be stopped. 
The whole house was in danger of destruction by fire. Doctor 
Stpbtru.s had knowledge of students and their ways. In bis own mind 
he douVitcd that this was a case of skniping with the candles hnruing. 
He entertained a suspicion that the two ootiipanioti youth' woiihl lia 
found there, ivereuting ihenuielves with cattk in the small houre of 

417S0-(W -IS 
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ibe night; At "J o^^lin'k mxt moriiiiig, the room of yonng Linnffiiis 
Iwiug i1JiiDiipiitf>d« tho ^ksctor rnude' his way to tho door^ oponed 

it and went in. Thp young muri was foiuicl alone, at hb .siudy tablc^ 
which was covered with open booksi, A step nearer tlie table diHcJosoJ 
the mteresiing and not readily accountable fnct iliat all were bowks 
of iNjtany, and otjt of Srolnjensi-s own library that was always kept 
securely lorkecL To the question how he obtained tbo$e books from 
the locked library Liniavus answered in brief* and very frankly, that 
the otbE^r student Itad desired of him a conr^ of Instrttotion in 
physics; that be had 1a*gtin the eourso* and was coni inning it. upon, 
the stipniiitrd conditimi that he^ who had free access to the. libmryt 
should nightly liring him lH>aks of botany, wdiich he hinE^lf would 
study late at night, thal they might returned to the libntry 
shclvtss ill the early murning tn'sfore the honsi^hohi should be astir* 
DcK-tor SloWiiSt ^?.nppresping the pleasure nod appriptiatioti tliat were 
mingled with his ainassement, said* ""Go to ImmI, anti hereafter sleep 
while other jieoplc an* aitleep.” The next morning he sent for Lin- 
tiania to ^tiiiie his study, asked him to reliearse ngaln the story of 
how‘ he obtained tbcpse then gave him a duplicate key to the 

Itbran', tog^^ther with perinb«i<in to use it as freely as if it were hh* 
own. M^ireover, as he had hitluu'to nothing Intt hb lodging with 
^tabiens, hi- was now invited to lake his meab at his table | w'as often 
sent to visit patients* and in every way trouted with iiiTectionnte 
regard. 

TAnien nearing the end of his year fit l^und^^ Llmia^ns foil dungt^r- 
oiisly ill. At the beginning of a alow convaleaconee they sent liiin to 
the parental home, tlie parsonage at Stenhrohnk. Here his admiring 
liriit patron. l>oetor Roth man j. of Wexio, visited him. Tie was now 
ambitious that his former pupil, instead of reluming to Lund, should 
enter tl^r great university at Opsala^ where men of renown occupied 
profe^ionid chairs. Rolicrg in medicine and Riidbeck the younger io 
L>otany. The parents, in vie%v of the quite marvelous s-ueecssea of 
their boy during the two years ihut they had left him witbotii bnatt- 
rial aid* seem tu have relented, iind partly forgiven his having du^p- 
pointed their wishes as to a vocution, and he was given some money 
with which to procure conveyance to Cp^ido and make the beginning 
of a 4!urii?r at that i*elebrat<?d seat of lefimitig: this, however, with the 
stern usyiirance thut this was all I hey would Ise able to do; that no re¬ 
mittances from home would l>e forthcoming. Before the first venr 
lit l^p^hi was completed Linmeiis was periiiiless and almost bare- 
foole<L being ohJigetl to line his ^hoes with birch bark and paateboard* 
and his dotJdng was worse tbnn threadbare. He was now in the 
tweittj^bird year of his age, and in hia distre.'^ he still consoled him^ 
self with studies iHitonirah Tn the midst of the botanic giirden at 
Upsftla be ant. one uutnmn day. drawing up desoriptions of some rare 
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plants tliat were in bloom. .Vn (‘celesiustic of duitingiii^eil l>pariu^. 
in passinfT throiigb the ^rdoJi. paused U'fore him, asked him what 
ho wxis tiescribing, if he knew plants, was a student of botany, from 
u'hut part of the country he had come, and how long he had been 
at the university, tested his knowledgf' of botany hy asking him the 
names of all the plants that were m sight. This ecclesiastic was no 
less noted a |>ersonage than Ola us CeJidus, a man then some 00 yciirs 
of age, eminent as a theolo^an, an orientalist, and more than an ama¬ 
teur in the natural sciences; even now beginning to be a botanist: for 
some two years before the date of his tdiance. meeting with the student 
Litiiueus, he hutl liecn assigned by n imuneil of Lutheran elergiTnen the 
tusk of writing a treatise on die plants mentioned in the Bible. His 
ctiissic Iliernbntaniin was the restilt of his attempt to fulfill that com- 
mls9)ion; and, hy the way, none will ever know how largely he may 
have txH'n indehtcxl to the young student Lin mens in the preparation 
of that work. Tlie e.vamination that he had given the yotttli, there 
in the Imtanie garden, had filled him with wondering admiration. 
OlsitJs saw that he needed him; sttw also in his worn clothing and 
almost iHire feet the evidence of « W'Orthy student’s grintling poverty, 
\\ If hill a few days Lintia'us was comfortably housed with Brofest-or 
Celsius, having been commanded to bring with him that herbarium 
of (lOO i^wedish plants which lie said had accumulated with the last 
lluxH* years. 

Celsius was to write a Ixitatiy of Palestine by and by, and was 
now devoting os much time as ho might to the Imtanr that was at 
hand, that of his own country; and he bad augmented his great 
scholar s library by the acquisition of all the standard and many re re 
hooks of Iwtiini', Lmnanis was again in the enjoyment of great gowl 
forthne. let all this was not for long, Celsius’s Tsery iseal and 
benevolence on his behalf lirought tlic young man into tretible. By 
Ills great iiifloence he procured for linmcus an ejtnmination, which 
was followed by a license to lecture publicly in the botanic garden. 
The candidate had not been tliree years in residence, and Professor 
Roberg expressed it as his opinion that the precedent was a dangerous 
line to have established. Tlie leetiire« were begun, and Liimfeu.s had 
a throng of studmits of the best classy among them sous of some of the 
iiniiereity professore, and he w^e now able to clothe himself com¬ 
fortably. This all happened at a time w'hen a promising inst'ructor, 
Xils Rosin, had lately gone abroad on ii two years’ leave to obtain th-' 
doctorate in merlicinu. .V le^ competent young man bad been dele¬ 
gated to take Rosen's work during his absence. Linnieus, by his supe¬ 
rior learning and personal magnetism, appears quite innocently to 
iiave drawn away his students. There would he trouble in store for 
Linnojus whensoever Ros4n should return. It is a sad truth that, in 
sKSJence as eUewhere tn this poor, foolidi world the mediocre man in 
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higher position tniist hsto aod if possiblp perseciiU* the superior man 
in lo^vpr stution, and that for his very superiority, if for nothing 
else. on his netuni from abroad, with the doctors degree won, 

besought of old Professor Rudbeck permission to teach botany liim- 
self, hoping thereby to draw from docent Linnixus iill his students, 
lludbedc docUncd to oon^der such ti proposition, stating frankly that 
Doctor Rosin was hardly vciy well prepared to iiLstruct in botany, 
RffifenV next move was successful. He procured the passage of an 
oIUculI regulation to the effect that no undergraduate slioiild Iw per¬ 
mitted to lecture publicly, to the jU'ejudics of a regularly appointeii 
1n.‘-1ructor. Such an instructor there tvaa. in the person of the young 
man who had been appointed to teach in Rosena place while he was 
ab^nti Thus was Linmnu.'- deprived of the means of living uny 
longer at Dpsola. 

OOTBSET TO LAPLAJfO. 

Inasmuch as his lecturing in the botanic garden had been under 
Riidbeck's jurisdiction, and the latter had iMseome much ottaclied to 
the young man, he had taken him into his own household, RiidlKck 
himself had hwn the eurliisU botanicaJ explorer of Lapland, and, 
by frequent rehearsal of the wonders he had seen in that wild hyi>er- 
borean realm, he had enkindled in the young Liimtcua u keen desiro 
to go there. 'JPhe iSw-edish Govermuent hud long thought its own 
territorial posecsisions there to bo worth investigating from scientific 
and economic points of view. 

It was now soon urntnged that Linmeua, under the auspices of the 
Academy of SciencsBS at Upsala, should make an expedition to Lap- 
land for purposes of scientific exploration. He set forth from rp^ala 
on the lath of May, 1732, returning late in autumn. It had Ijeen a 
journey of some 9,500 miles, made alone, for the most part, and almost 
everyw'hene on foot; but this was one of the most fruitful seosona of 
his whole life, though ho w os now but 2* years of age. His Flora 
Lappontca, together with the narrative of the journey, are among 
the moat instrnetive and fascinating reports of a scientific expedition 
ever written. In the day when they ivcre now they were itncqualod 
in tlie literature of scientific travel, and the Flora Lapponiea would 
have secured a deathless fame to ann botaniat, even if he had written 
nothing else^ 

JOIjB2(£V to OEaSlASy AND HDLXlAND. 

After the return from Lapland, the next two years were pa.^] 
in (cjtching publicly and privately, at one place and another in 
Sweden, nmstly at Fahlim; but also at every tpare hour of time 

working industriously at the manuscripts of several hooks_^the 

Flora Liipponlca and other^-which he was all the while hojnng 
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soon to Ije able u» give to the {jublie. At Kiililuu he won the esteem 
imd frienilsl]i]:i of the iiev, «JoIidu BrowiiUiiH, nt that time private 
dtaplaiit to n <«rtuin nohlenmn, iOihsequeiitly a proff'swor at the Utii- 
Versiiy of Alio, tim] Lutheran bishop of that diocese. Tht^ men 
nrgpfl Linmeiis to cin'iimvent hie pnw’erfiil antagonist at Tpsala 
by going u(irij»d|. and taking his degree in medicine at some fondgn 
university. Following this counsel, Linmeus. in tin* licginuing of 
the year lT3.*i, sailed for Germany tiiul the Xetherlands, taking with 
liini a finished medical tliesia for j^resentatinn at some whool of niedi* 
cine ami also the manuscripts of several hooks of botany, Before the 
end dune he had passed the examinations, successfutlv defended 
lii« thesis, iiml obbtined the degree of doctor of medicine: this at 
Hardnvyk in Hnlhind. 

The primary object of his trip nbroatl having been attained, there 
were reasons why he might have been expected to take advantage* 
of the first opjmrtunity that should present itself for hi-s return to 
Sweden. Before leat^ng Ids native land I^anmeus had actpiired wliat 
is salt I to he easily gained by even a poor young tiinti when he 
happens to be of goo^^ presence, polite iiccompILshnients, and some 
persomit tnngnetisni r he had providetl himself with u rich and elderly 
pros|aftivo fatherdtidaw. Said prospective father-in-law had re- 
turiuHl the compliment by providing Linnfeus with some traveling 
funds and the needful university fees. Before bidding the pros¬ 
pective son-in-law farewell. Doctor aioneus, as if etidowetl with some 
of that wisilom that men say comes with yenrs, and tt» if doubting 
that the prospective bride would surely speed the young man's early 
return, eiijoineii it upon him tliat he must come back and Ijegin the 
practice of oicdieine. whcnsoeier he should have gained the dcctomte. 
But that which had long been upponnost in LinitieusA mind’ had 
ia»en, not medicine, hut ^sternatic botany. In the direction of the 
Inner all his ambition led him. The mtinu-scripts of what he hoped 
would be immortal l>ooks of botany—and they became such—he had 
lirought with him. Xo one in Sweden would have puhlidied tlicm. 
In Germany, in Holland, imd in France there were many and 
sjileiulid botanical estahlishmeuts, and several learned botanical pro. 
fessors of world-wide fume. His hciokfi if published must have the 
approval of these in onler to insure for them success He must see 
tiiese men, ingratiate liitmielf with them [lersonally. sliow them his 
manuscripts, iliscuss with them the merits of his sp^em, for it was 
new, and in its leading characteristics altogether revolutionary. 
His money was now almost all gone, but what of tliat? He had 
often been in such straits before, hut some proviaon had aJwaj.s' 
hitherto been made for him. 

Leyden was the seat of what, at the time, was the most celebrated 
university in Holkud, and, for IJotauicaJ gardens and botanical edeb- 
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rities who had tau^dit there, was luirtOv second to Paris itself with 
fts traditions of T<*nrnofort and his successor, Vail hint. In i’rof. 
Paul Hermfliiu‘'s time, little more limn a generation anterior to Lin- 
tiffus the Leyden Galtlen hud lieen coiifesstsmy iUe finest and richest 
in the world* After Paul Hermann* Ur. tlermanti Boerluutvc Jntd 
preffifled there* He had retireit from the professorship three rears 
liefon* Ijinnteusa arrival in Holland, and was now iit onco the most 
fanioEis physician in Europe and without a rival as an luithority ujjon 
t^steinatic botany* lie was living in age mid retlreiuenl not far frtun 
Ijeydeii, and there was not another man upon the face uf the earth 
whom Linnatus so much wished to sec. He itould not endure^ the 
thought of retaruiiig to Sweden withotit having visited this great 
Mecca of liotaiusLs, T»ydcri, Onco there, he found friends in lenriitsl 
t>otanLHts nearer his own age. who had not yet published libfiks, and 
of whom he had not lit^rd, among these, Ailrinn van Koyen, professor 
at tliB university in succession to the illustriijijis Roerhaave, iilso 1 >(h‘. 
tor Groiiovius. a wcU-rersed and anient hotaiiisl. Olliers at IjpvtlDTi 
who became Linnicus ''9 cordial and helpful friends we must not h|o}p 
to name. Both van Itoyen and fironoviiis liecame entliushistir over 
the young man and his nmnitseriids* lironovius was so charmed wdih 
Ills !>ygteitia Nntiiree that he proposed, with LiiuiieusV permissifin. 
to have it publishrtl at once* and the printing of it was beguit. It 
came out* as a mere outline sketch of n new natural histon*. It wu.- 
a folio tract of but fourteen pages, but it was everywhere pectuvial 
with the greatest applause* Meanw’hile Ijinnu'us had used uvrrv' 
endeavor to see that gient orude of luedieine and of botany, idd Roer- 
lianve, but in vain. Provided with a letter from ttronoviiis, he liinl 
called ever}- tlay for a whole week, Iml to no purpose. Aiiibassttdors 
and princes had found him acces.slblc with some difficulty. Even 
Peter tlie Great, of Russia, had lieen obligwi to wait two hours in an 
anterooitu to take his turn in getting a conference with this busiest 
and most imperious old prince of learning and master of the healing 
art* Linnieiis now tK>thoug|it bintself to send u co]>y of the new 
Systemu Xatune. A letter ninie back, ninning the dtiy and the hour 
when he slioidd lie admitted to an audienu. ITie interview %vas pru- 
ionged and wns carried into Hoerhuave's own jirivate imtanie gurflen. 
a jdace well stocked with almost alt plants and ti-ees timt Imd Ijceu* 
found to endure the climate of I*eydcn. One iK'aiitifiil tree which 
Boerhaavethnu^t—w as even very certain—had never Wn described 
Linnieus gave him the natuo for; also the volume and jiagc of one of 
PaiHunts folios in whiclt it w*as described fully and dearly, Rlien 
they returned to the lihniiy tlw place was found, and the tmih 
admitted. The vonernbk* doctor adv-ised the yoiiiig Swcflc lo ^^tiie 
in Holland, where he fell certain that his learning and talents would 
insure him wealth and great renown. Rut since Linmeua (.loiild not 
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tijiw prolong his ^tnj itt Jjcyde*ilj Biwrljtiii^^e desirod \nni to fiikt* n 
letter from liim^lf lo hi-? friericL Professor BummnD. nt Ami>terdiim^ 

the fKirt wln*iic» Linniciishad jjroposwfi to suit for Swetlen. 'He fouud 
Duriuauti. ^en niiirh (rnjpi;^1 upon his Botjinr of Ceyl<jn»* 4® over- 
ivhclined with work of seveml kinds timt eoiirteay joined to miuiro 
that he should iiiiikc; (ho cull sliort. It was endcnt thut nothing but 
the letter from tliat groat seiGtitido potentiite- lloerhuuve, at I^^yden. 
hiul prociiivd him iidmission to Bunmiim's) presence. On witUdniw- 
iiig. however, he whs invited tf» coll again. At the second cnU he 
found tJif Amsterduia professor loss preoecupietl. They went inti* 
the liotaiiic garden. At the end of this interview Unmiaiin was over- 
w'hflined with n sense of the iinexampliM] skill of this ,voiing Sweiie 
in txitariy. He had learned eo much of him in that one hour us to 
see that he must secure, if jiossihle, hi.s help in the finishing of his 
great Ixwk of Ckiylnnese botany. Linmeus was invited to take up his 
aTjude w ith Humuinn for llu- period of his sojourn in .Aritsterdam. 
ami he accepted the bidding. He had been there alx>nt two montlts 
winm he meived » call from one of the meiicliant princes of Araster- 
dull}, (jre<»r«e ClifFort. IU1 was a gontlemun of culture as well as of 
great wealth, and had a ^'ery noble garden and conservatories nlKtund* 
itig in rare plants from the Indies and other remote places. But his 
emind with Lhirncus was not ImtaiiicaU He wa.s something of un 
invalid, and melanclioly. His regular physician was Ihxrhaaje, at 
r.^yden. On a late visit to him, ikierhaave had advised him that his 
ailments were duetly resultant from hb princely ways of living: that 
lie < 50 iild not do Iwtter than employ the services of a brilliant young 
Sw’Oilish physician, a specialist in dietetics, at present the gtiest of 
Professor Bnnnanii. He advised liiin to take Doctor Liima-tis for 
Iwdy physician into bis own house, and place himself under his direc¬ 
tion as to diet. Tliis was Clifforfs mutive in calling upon Unnwus. 
The outcome of it was an agretmient lietweeu them * ,md the young 
physician ImtuniKt was soon rjuite luxuriously domiciled wdth Gliffort, 
and under good pay. Clianncd with the Clilfortiau gartlen and oon 
servatories, and seeing there many a plant imknowii to boUmists. 
Linnu’its cutitiseled the preparation and publication of an illustrated 
folio, that might fitly be cmitled the 1 tortus Cliffeirtianius. in which 
the rarities and novelties growing there should U* hmtight to the 
knowledge of the world Imtanical. Of. mur-e the proposition 
deliglited (nitroi”t- and the w’ork was done. That most luxurioits of 
all Idnmeus a worke, tlie Ilortus GlilTortianiis, he assures us, w'us W'ril- 
ten in nine months, [t wus published in Amsterdam in 1737. when 
Linmens was 30 years old. Hut besides tliis, there had already lieen 
published, since Limueus had come in Amsterdam, the Bihlhitheca 
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ain] tlip Fujidaiupnta Botjmic*, in t]«> jcur 173(1. and there 
now followed the KUini I^pponica, the (Seueni Plantamrii. and tlie 
Criticft I>)taiiTC«, all In the year IT37, some of llmin issued at ^tnister- 
(luii, others at I.eydon, This ruptvsents tile taoHt wonderful begin- 
ninp at botaiiitiul uiitlioisUip of whieh there h any recortl. He re 
'rtero rtjvca leiinietl and forii'efuJ tmoks- twci in folio and Jive in octavo, 
all giv’ort t<t the public within two years, altitost a library of botanv, 
and that a new botany, and so easy to comprehend, tliut almost any 
educated perwin could now acquire proficiency in lM)t 4 in 3 ' by these 
iHtoks alone tis a guide. Ttie system was a new one, evidently a rival 
system to that of Touniefort, wliich had iisw been dominant for 
fortj lears. ,V11 the botankvl ivorld was in aniazetnentt and the 
aiithur. having now iieen three years abroad, and having made his 
pcR^nal itiiprcssiou upon nearly all the botunUfts of London and of 
Paris, os well as upon those of Germany and Holland, went home to 
Sweden, therv at first to suffer the ad verso consequences of lame auid 
afterwards to enjoy its bcnGfilj». 


pmvtrrttTW MEoirisE ts srocKtjoLM. 

To suffer, r say, tho consequences of renown, for Linneus had now 
to rcaliite the trutlifiilncss of what was said by the Great Mus-tcr of 
long ago, niimidv, Ihai “ a prophet is not without honor, save in his 
own country jiml ju hk own house.” \i the Univereity of U|wala 
now as afonilinie. there wik no hot» of pi-eferment for Liiiim-us, 
Ilia lawks did not as yet lirtng him income. He must settle down to 
the practice of medieme, and he chose Stockholm, the capital and 
L-Uiof city of the Kingdom. Their he was a stranger. Thera wa.s 
not one fneiid to recommend him. and, as he himself m-ords it. no 
Him w ould employ him, even hy committing a sick servant to his care 
His system of Jmtany Iwgan also to U* assailed in public rigoronslv 
mid icJhngly. .fust across that ann of the ,«.a that .H'naroti;i 
Swetleii and Russia, at St. Petai^burg, ]*rofe«mr .Siegeabede had writ¬ 
ten and distrihuteii a book in which the Liiimean system of hotanv 
wajarraipiqd nnd with so much point I lint many jKopte 

in ^wedeu thought thatLinn^us had been philosophicallT and L.t.m- 
ita l> miiuh, ute,l He admits that he almwt lirlieved that himsedf; 
and, a3 n-w the tide had set strongly in his favor as a mcdic.il prac- 
tituiTier at .siivkholm, he had resolved to abandon forever rhe sonice 
of Horn and devote him^lf wholly to that of .Esculapiu,^ The 
hit er, brings all good thing,, while Flora rewards me 

only w ith t^iegesbi^kic And the tide of Linnmus’s fortune in mel 
cimi ro^> higher. One ami another of the nobiHtv Wame numberL 
among h.s pa.icnts, and at bust the queen herself land now. as t 
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Court now procured Uim tlic L-ojiifortuhle pouition of pby- 

siciiih to the «iliiuri!.ky. After tliat the ileiilh uf Doetor Rolierg, 
j>rofessor of niedicine ut U[ysala, opcticd the wu}’ to Linn^ijs^ pro- 
motiou to u profejffiorship at that uiiivensity. It was that of medicine, 
and tlmt of Ijotuny was, at the time, held by IJiitiintis-s former antag¬ 
onist, Bosen. TJte two jirofeasors, now equal in oificia-l rank, Ik*- 
catiie mconeiled, tind, witli the full consent of the authorities, t;x- 
cbang^l professorships. Linnieus was now again a botanist. He 
was still Cl young man, only some M years of age. and had lived oni 
not quite hiilf his days. The after years, lliose of his fruition, did 
uirt produce as mudi uf importance to botany a.s the earlier iwrioil 
had yielded. I'liere came out in 17r>l the Plulosophia Botanica, 
partly of the nature of a receiuston and eiitargenient of two of his 
early books, the Fimdumenta Ikitnuiea and tlie Critics Botauica. It 
is one of lits most imporiant and iiuperbhable booLn. fn 17r»Jl 
appeared the large-si and most couipnehensive of his works—the 
Kpeeies Phinturum. Huring the remaining years of his Ufa Linnteus 
was largely occupied with the preparation of new editions of almost 
all hi,s works, the public demand for which was very graat. 

ixmoEstui or UTxxjEna upon botasy. 

li h not possible lo convey an idea of what Linmrus accomplished 
for the adviinceiiient of botany wilhout presenting, in brief outline, 
n ^dew of what had lieen ilotie before liim. That Uiere was not uiiicli 
Imtaiiy before Linmeus b a fable that gained popular credonoe in 
runil dislrictu a half century ago. One of the earliest books which 
oiir InrinaaLs published was the Bibliotheca Botanica. It contains 
the titles of 1,000 voliiines, by almost ns many difTeient botanists. 
mo.st of which books he thought an indispensable part of a working 
liotanist's oqiiipmenl; niitl his own works, on aluiCHit every page, 
tdxiuiid in citations of those of hi,s predecuf^ra. The first founda¬ 
tions of scientific botany had been laid by Ciesalpino. an Italian 
physician and university pinfcsKir of Imtany. 154 3 'ears before Lin- 
meiis was tiorn. He selecteil his granite h|of‘ks of principle so well, 
and laid them ao securelj-, that the su(jt‘rslnielure of modern system 
a tic botany rests iijhiis tiiem. Every variation of botanical ^ysleiu 
that has been biiilded in the last Z24 years has rested on the Cirsul- \ 
pinian foundation, i. e., that in the fruit and seed of plants we 
have the key to their nlfinitics. Kot one of the great geniii-ses liotan- 
iral in later times who have most advanced the science has questioned 
the validity of that principle. Xot one has yet tlnred to predict that 
the C^Ipinian foundations are likely ever to be abandoned as in¬ 
secure. 
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The earlier disciplei^ of C^salpioo tniide njiih}* umctidments and 
£-J^ial ijiiprovejnents of In^ Elir^iugli further study of floral 

i-tmeture, aa furobtuBg yet other dew^ to plant aJUuities. Tlie 
ELimniiiTig lip of these many iiuprovementa was made hy Toiirnefort* 
whfjij^e Elements of Botany, publidied in iCJiU, 111 years after <.\oflftl- 
pino-^ work, and 13 years before the biiUi of Liiiiia?us, twk 

the whole botanical world captive^ anti held undisputed sway, until 
everywhere bill iu Franeet tlio native land of Toumefort, they tvera 
superseded by the sv^i-tem of I^innEeus* 

To the botanists pre^nt who arc unread tn the history of our 
Bcienee nothing wd[| 1 >l- more surprising than the information that, 
with the great Toumefort^ who founded u]K>n the flower the most 
iiniversally iipprovi^ Hvstem of botany w^hich^ up to that time had 
been presentetL the 3ow*er was hardly anything more ihfiii what we 
know" aft ihe eoroltan Of tlie functions of stumeii-^, stigmaft, and styU'si 
he was ignoniiit, fioiifessed his ignorance, and regarded ihetn ns 
whoUy msigiiitleani things liai^lly to 1 h? serknisly taken note of. 
The flower an<l the corolla were Tvitli him almost synonymoiLs; and 
yet m nncertsin wais he in his identijiration of the comila that w*here. 
as in all the Aniceie, it k absent, he took the sf^athe for the corolla^ 
w’hile in such upetalous things as the enstiir t>ean he regarded the 
brightly colored stigmas as the corolJo. Such extremely crude 
ideas of floral structure were tliose of Toiimefort to die end of hb 
career j and he died when the infant finmeiis w'as ycai^ old. 

Now the Ltiiiia^an doctrine of Ihe flower and that of Tntirnefort 
represent up^xiSike extremes* To be more ftpccific: While Tourne- 
fort’s etmeeption of the flower as an organism is about as crude and 
iui[x^rfect iia t^iin well lie imagined^ that of Linmeiis is almost fierfect. 
In tho view of the former the one iniportant organ La the corolla^ the 
stamens and stigmas nothing, or nest to nothingt iiccording to Lin- 
luens. the stamen- and stigmas, with the ovary, are the only essential 
organs of the flower, the corolla relatiA'ely unimportant. All the 
world liotaniail now understands that the philosophy of floral struc- 
lure uphidd and most elTrctively jirojinilgnted by Limucus was the 
right one. The actual disc<jvery and demonstrution of this new and 
revolutionaiy anthology are not attribulabJc to Liimieus. In the year 
tlmt tile small Imy Litinieus left home for the Ijitiii school at We.xiri 
a netv incumbent was installed into that professorial chair at Paris 
which Tonmefort had occupied, I'he new profesisar had been one of 
the pupils of that <^!ebrity, IIih name was Sekistian Vaillant. The 
subject of bis maugnral address was The Structure of Flowers In 
thiis addresft, soon afterwards printed, Tonrnofort-s anthologj^ wjts 
completely undermined, and whm was offereil in the place of it be^ 
eaiuc I he aerepted anthologi^ of the remaining f^O yenr^ of the eight- 
eenlb century* f>f the whole of the ninetwnth, and Is thus far that of 
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the twentielli. In otlier plirase, thsil ilmitrine nf the oi’^n^Hlion 
untl the functions of tlip flow'cr which \'ail]nnt set forth as new in 
the yiTir 1717 hns held iindiE^putcd swiiy, widioin Higriilicant nug- 
tiicntitlinn nr nniendRii-m, for now UK) yctirs. FxVcty Intanist wilJ 
readily jicrceive tluU this is n very rune oncomiiun. Every one will 
realise that to very- few ran it have ijccngtvnn to lay tlnwn the fiiiidn- 
nientnls of jilant tmsonomy. Those fiindaTneiitals, us we Imve all 
lawn taught, and ua niir forefathers were taugiit. arc really only two, 
namely, carpolopy iiin! aiilhohigy. Ceesaipiiio in the yvjir 1583 estab¬ 
lished the true carpolopy; Ihullant in 1717 tin* 1 me imihotogy. Tlieise 
wore the. two great things to be done Ijcfore there could Ik- n true and 
phihisophic system of botanical classification. Sow which of these 
(wo names is gm'ntest in scientiiic l)otany may ive open to learned dis- 
piite: but so long as the lu'ccptml foiiiidatjona of botany remain in 
place, successful conipctitors for their exalted rank there can fw none. 

I’ive years after buvitig published this masterpiece of plant or- 
gtiiiography Vaiilant died. THa death occurred on his* fifty-third 
birthday. ITo also died unthanhed for the greatest of sm-cral great 
things that he had done for Itottmy. All the world tiolAiiicat still 
idolized the memory of the great and popuJur Tournefort, and it 
n^sented tlmt viitiinl overthrow of his whole sysiem wdiich this le- 
marlialdc former student of his had accornplLdied. Universally mid 
bitterly they charged him with ingratitude. And eo that inaugural 
address, in which this far greater mau tlian Toumefort had given to 
hi.H scienett thi* very tK!St that wiis in him, liecame an nffenst' to the 
blind iuridious mtiUiludc. When they should have praised him, they 
blnmetl him; and he lay down and died. 

But nfar in the north, in the Jnnd of gianlii mythical and giHiit-i 
real, there was an iingigantic youth of great miml and of noVde soul, 
who would ebanipion most qm-cessfLilly the cause of .Sebantiaii 
Vuilhint. and in so doing create a new syKteiii of botany that should 
snpersetJe that of Tourtiefort, 

It vvas in the year 1729, when Linnrens was in his twenty-third vear, 
and It student at Upsnla, tliat he fin>t iwenme acipminled with Vuil- 
hmfs great imcl, learning from it that tho'* obscure and long 
neglwded 5tamen.s and pistils were scjstinl orgniis and (he only reallv 
important parts of any Hower. Tlds la*iiig true, it was plain'to liiiii. 
as it had Ihs!!! to Vaillaiit, that Toumefort’a classes of plants estalv 
Itshcd ujHiii the corolla as the essentia] organ were iinphiioriophically 
und uTitenably based, and must fall. From that day Linmeus deter 
mined to work out a new- system of classes iirid orders of plants, on 
the bn.s!B of stamens and pistils as the most imjmrtant Horn] orguns- 
The result was 34 clas^ of plant,s (s^ahlished upon chamcterisiHsi 
of the titauien-s instead of the 32 classes of Toumefort distiiiguiishcd 
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by diffcri'riw^ iii the FEriicture of the eorolln. The Lintupan 
wen^ very iiiiKJih nmtv easily learned than the Totimeforlmn. Ills 
Clas^i 1 nil genera of plants the llowei^ uf whidi Lave Ijtit a 

single btutneii; C\^L^ II tbost* which hare two and so uii u|i 

ti] ("lass X, when other eotiMiilpmtiorm* fitill in isart numerical wevQ 
sciaied ui>on. Any mere beginner in botany, with a plant in tlnwer 
liefore him* con Id deteiinine its without even opening the lanik. 

If tlie Hewer exhibiled live stanieiis the plant was sure to l^elong to 
iioiiie genus wf Linnsus's Class Y. If the saine flower sliowt^l also 
two pistils, that iudieatrd ns unmistakably Order 2 of (Hass V. Xn 
other s^'steiii of plant cla^^llication ever invenlod made the bc^ginnings 
of ]}i»tnny so easy: no other ever ’ivas so iinnieiiHoly popular- But 
what is tniirh more to the credit of the Liniiiean classes and orders 
than tile pijpultir applaii!^ with which they once were hnilc^I b the fact 
that the determination of plants under them iiecei^sitated close insjwc- 
tion of all, even the miiintir^l and obF^'iireKt parts of every llomi 
stnicliiref frosting that in thet^ minute, nlj(sciire, and hitherto neg- 
lectiMl organs tliiTe would l»e friiind somr of ilie very best indexes of 
ufTinityH This line of invesitigatlon^ so important to all taxonomy^ 
Liuniriis was the vecy first tii carry into practice and make universiiL 
It will lie difficult to bi'iiig the sivernge Imtanlst of to-day to a renliKn- 
tiori of how great an epixdt in Ix^any Linna-tis c*r<mttHl when lie l:»cgan 
examining the stamens of every plant, with the pur|Ki.se of aseortain- 
itig into wdiat one of ids 2A (jmpryS4'd classes of Hoovering plants inich 
generic typi‘ must fall. And though it lie true Eliat the classes and 
tjnlci^ of Lin melts fell into disuse threes qua rtei's nf a wnt iiry agtJ, it Ls 
true to-day that every lmtani&«t* from the mcfT lieginner in taxonumy 
lo the most utetiuiplislied master of if, if lie have a new and iinknowm 
plant ill hanti for dotcmiinatifin, makes his final apf^eal to statiiens 
and pistils, Thess.i, by peciiliarities of stnictiire, will tell the planf*s 
relationship in many im instnnetn Ixttli promptly and decisively. In 
thiR pnKS?dnre every botanist who lives h distinctly a disciple of 
LintuiMis; for he, putting ^^oillant's principJj^ into taxonomic prae- 
lice, first iiiaiigurnted the method, and eventually brouglit to pass lU 
univeisiil recognition and its fM-nnanent establishment. 

\Vlien ill tlie year w ith thijst' manuscripts of lik new botanical 
si'stcni, Idnriwu:^-went to Gcnnaiiy and llolland, he had now for 
seven years lipcn scratiiiixing earefiilly and indtistrjonsly the slumens 
of cverj filing that harl runic to hand- By dint of those seven years of 
iJidustrioTis irivcstlptfion of these organs he liml not only" kicoiiic 
very expert, in this line, but be was the only man in tlie w^rld who 
knew anything abont the morphology' nf Fiamens, He wati Tifiw„ to the 
oldcist and mm experienred jyxtema lists of Euroixs a marvel 
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Oil iiceolint of the remljfieES with whicli lu- could solve for them somo 
of lUcir most perplexing taxonomie I crd not stop to dto 

morr ilifin n single kistjmrc. In one of the larger Dutch herbaria 
there was a rare specimen of the leaves and flowers of ii eeinaiti ori¬ 
ental tree. The bark of this kind of tree bad lieen known in Europo 
as a cfuiimereioJ importation for, I tbink, some 2,000 years. They 
e4i]I(KJ it cinnamon. As a generic type tlie tree had b^u named in 
IjitJn Cinjwrnomiim. The prof^SJ^r gave LinnieuS the infoniiaunn 
that these were the leaves und flowers of the rinnanion mw; but what 
were ifie natural aOlnities of the tree ? Had it eonsangiuinitY with any 
other known trce^ To wbiit was it relatecH These were quest inns 
which not the moc^t ex|iert liotanists could anffwen The fruit of the 
tree was not yet knowni and llierefure mu Id iint be apjietileLl to. 
The dowers were am all iiod inaignificanu Linnieus trjok one of those 
smoll dried-up flowers, subjedcfI it to moisture, so that he could get a 
view of the anthers without breaking them, then, looking at these 
alone, was able to answer, with the most perfect assiimrice* that thh 
einnanion tree is a very near relative of the familiar sw^ect buy of 
southern Eurojjej a s|>ecies of the genus Launj^. Tlie man's frequent 
solving of enigmas like this, in the prescncp of the moht kameil and 
capable botanists of the world, bmright it to pat® that, he wus spoken 
of even'w’here among the Germaua and Flemish as the little oracle, 
for w'ben he gave u decision about, the aflinity of any imperfectly 
known plant lie was admitted to be eorrect. It was as if an oracle 
had sjxiken* These brilliant pronouncements must also have preparijd 
the way for that great success which his publications met w-ith and 
that ready adoption of his new system which followed almost every- 
w'bere, despite its chameter as radical and n*Yoliiticmar>% 

If, then^ Linnams* at the time when he begun publiidiing the funda¬ 
mentals of his new aj'stem occupied a place wholly unique among 
botanists then living as to knowledge and understanding of BoraJ 
structures of all kinds, so that the oldest tmd ablest among them 
stood m speeehlegs admiration of his superlative attainmentSi. there 
was forthwith exerted by him a most salutaty influence upon the 
important art of plant dei^ription- The revolution which ho at 
nnee brought about in the art of generic diagnosis was perhaps the 
most priceless of his several strong contributinns to phytography. 
In his Genera Plantarum of the year ITS? every genus i? so well 
characterized in words that plates and figures illustrating them are 
not needed. The group which Limupus take^ for a genus is even 
more dearly delined by his few desjcriptive sentences than is a genus 
of Tournefort, in which the defects of its description ate eked out 
by a fine quarto plate representing the type. And tljc reason why 
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JJnQa>u.s surpiiasefj imnipnsurably <jvej:y author wli» linil pmoctiH] 
him in the practice of generic ciingnosis wm tUai he had all ihcir 
iimlerataiiditig and appi'cciation of calys, ctn-olla, ifud fruit, and 
udded to that his'mastery of stamens, stigmas and styles, the very 
names of which were untrntwn to the genenitions that had piwedcfl 
liiiii, and hardly yet known to the most celebrated of bis contempo^ 
rsiries In the later editions of the (ienem PJantanuti no iiupntvc- 
mcnl is to In* noted in his diagnoses. Tiiey were models as he gave 
them out at hrat, at least as viewed from the stund^Kijnt of Ijititia‘iM*H 
acknowledged givaier mnster. Cu^salpino. They ai-e still essentially 
the models of generic diagnosis witli all who 'still hold the t'iesui- 
pinian doctrine ilmi flower and fruit ui-e to supply the only reeogtii 7 ,efl 
data for the cstablishmenl of classes and geiieVn of pinnta Even 
tieorge Betilhuni. who lived niore than a (rciimry after the time of 
Limueiis. and was the supreme master of generic fliagnosis thal the 
ninetmith century knew, was strictly a Linmcan in this i>jg,iivl- so 
that here, as at many another important imint in the ino^ reiaint 
beduny, Uie genius of the giieat liinnoius rules and dii'ects. 

Fellow-members of the Botanical Society of WaBliiiigton. if this 
had Iwn a im-eting of onr own, and not that of two other k-arned 
societies in joini session with us, I should have prefctTctl, as 1 said at 
the hegimiing, to {hBciiss some one of Linnieua's greater lutoks, taking 
It tia a text from which to set forth his deeds, Jus many benefactions 
to our si'icnee. To seem; it will doubtless appear anomalous that here 
not so much as Uie briefest- uLkslrnct of jus various reforms in iiouieii- 
clatnni sUmild be given; especially since, in the hilmis of so many Imt.- 
HDists of recent decades. tJiose refomis are thought to 1* the ini- 
imrtaiit service that Linna>us renden?d to botany. Several of the 
most rt>mmoiily receiyid opinions about him us Tiomenclator are abso¬ 
lutely ^undless. Several principles of nomenclature now* almost 
everywhere approved were umlcr his severest repixdiension. Inas¬ 
much as [ myself was the prime mover in the direction of what has 
now toino to be well known abroad as the Neo-American school of 
nomejiclotmre. I may be permitted to say that during more dian 
twenty- years past 1 have steadily and iinwaveriii^ly been of the opin- 
Jon that to attempt lo legislate upon nomenclature i.s Init futilim if 
u participiint in every n omen da torial‘conclave 

shall have fanulianzed himalf with all that. Unnmts said, and said 
with such commanding authority, upon this subject. So, then, the 
iUaeuBsion of Lmn®us oa nomendator, at least in my imderatanding 
and appr^iatlon of Inm, could not alone be done Within the time 
to-night. To omit it altogether was iraperative. 
m same htnitations have precluded my calling attention even 
briefly to Limmm. oa evolutionist, ecologist, as medical botanist, or 
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as ons who coDtributed much to the advaiicejnent of what is now com¬ 
mon]}' spoken of as applied botany in general. 

Of the nnil merits of Linnfftis they know Utile who, observing that 
fais classes and orders are become olisolcte, and that neither his idea 
of a genus is that of more recent botany, nor his conception of a spe¬ 
cies, conclude tiiat bis Ugiirc must by and by grow dim on the horisson 
of botanical history. I say, they who know little of his real merits 
may give place to such forebodmgs. But they who fully realize what 
he accomplished in so many different directions to the great and last- 
ing ad^-antnge of our science will bo rather disposed to wish that an 
equal of Linmeus might soon be and might think it well that 

the natal day of the matchless Swede should bo held sacred not onlv 
once in each century, but a hundred times tu every hundred years. 
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